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1.0 INTRODUCTION

The French Limited Site located on 15 acres south of State Highway 90 near
Crosby, Texas. An abandoned lagoon, formally a sand and gravel pit, on the
site was used for the disposal of a variety of petrochemical and wood
preservative residues during the 1960's and 1970's The residues have formed
a sludge layer containing unacceptably high concentrations of certain organic
constituents at the bottom of the lagoon In 1982, the site was designated
for remediation action under the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA)

The French Limited Task Group was formed in late 1983 by potentially
responsible parties to determine the most reasonable and environmentally
acceptable remedial actions to be taken at the site A Remedial Investigation
and Feasibility study has been completed and accepted by EPA Pilot
bioremediation tests were initiated on site in , 1987 and are currently in
progress Extensive groundwater monitoring and contaminant transport modeling
have been underway to assess possible groundwater impacts that may occur
during bioremediation and to enable design of remedial actions that would
mitigate these impacts.

1.1 OBJECTIVES

Pump testing of the shallow alluvial aquifer has been completed under the
direction of Applied Hydrology Associates, Inc to support the assessment of
groundwater impacts that may occur during bioremediation testing or final
remediation of the French Limited lagoon The pump testing results will also
facilitate the design of groundwater recovery systems that may be installed to
remediate groundwater contamination

The only previous testing of the upper alluvial aquifer at the French Limited
site took place at well REI-3-3 located to the south of the French Limited
Lagoon. The results of this test have been incorporated into the
documentation of hydraulic characteristics of the upper alluvial aquifer
provided in this report The details of the test are included in the 1986
Field Investigation Hydrology Report prepared by Applied Hydrology Associates,
Inc , December 19, 1986

This report provides a compilation and summary of the shallow alluvial aquifer
pump tests that were completed under the direction of Applied Hydrology
Associates Inc in 1988 These tests were conducted in two stages preliminary
short term tests conducted on site between May 24 and May 26, 1988 and longer
term (6 to 8 hour) testing program conducted on site from August 5 through
August 15, 1988 A work plan for the longer term testing was prepared and
submitted on June 13, 1988 An update of this work plan dated August 3, 1988
was prepared partly in response to questions and concerns raised by Kathleen
O'Reiley of EPA. The update also includes details that were not discussed in
the work plan including the use of control measurements on select wells and
the recommended monitoring intervals A number of modifications to the
testing program were also made in the field either in response to the
sustainable pumping rates which were generally lower than anticipated or to
address concerns raised by EPA and Jacobs Engineering concerning test
locations
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1.2 HYDROGEOLOGIC SETTING

The French Limited site is located within the flood plain of the San Jacinto
River The attached Figure 1-1 shows the location of the waste lagoon
relative to monitoring wells and surface water features The shallow
stratigraphy of the site as can be divided into three zones an upper
predominantly sandy zone, a middle clayey zone and a lower silty-sand zone
Figure 1-2 shows the relative consistency of the these units at different
locations within the general vicinity of the French Limited site

1.2 1 Upper Alluvial Zone

The upper zone consists of poorly consolidated sands and silty sands with
occasional clayey zones The zone is water bearing and due to its sandy
nature yields water easily to wells The upper alluvial zone is approximately
50 feet thick and tends to contain the coarsest sands and occasional gravels
in the uppermost 20 to 30 feet This uppermost coarse sandy unit has been
interpreted as a recent alluvial deposit of an abandoned channel of the San
Jacinto River The aquifer is unconfined but may display confined
characteristics locally where significant clay lenses exist within the zone

The water table occurs very close to ground surface in most areas of the site
and is close to the water levels of adjacent ponds Water level fluctuations
in wells completed in this zone respond to precipitation and
evapotranspiration influences These fluctuations have been documented during
the 1986 Hydrologic testing program Water levels in the alluvial wells were
observed to rise rapidly in response to the start of the precipitation event,
typically within 30 to 50 minutes A lag time period of 200 to 500 minutes
between the end of the precipitation event and the end of alluvial water level
rise was observed in the response to precipitation A very similar
precipitation response was observed in the control wells monitored on August
10 prior to and during the test of well ERT-22

The influence of evapotranspiration on alluvial groundwater was not as
consistent among the control wells monitored during the August, 1988 pump
testing program and the wells monitored during the 1986 Hydrology Field
Program. Water level drops of several hundredths of a foot are apparent in
the alluvial wells between the night hours and the middle of the day,
particularly on clear sunny days

Pump testing of the upper alluvial zone was not conducted during the 1986
Field Investigations because the focus of that investigation was to evaluate
the potential for contaminant migration through the middle clay zone

1.2.2 Middle Clayey Zone

The middle zone consists of thinly interbedded silty clays and clayey silts of
the Beaumont Formation The zone is saturated but due to its clayey nature
does not yield water easily to wells and tends to restrict the transmission of
groundwater to adjacent aquifers A geologic unit having these types of
characteristics is generally termed an aquitard or an aquiclude depending on
the degree of transmission (Freeze and Cherry, 1979)
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The middle clayey zone is about 70 feet thick and contains a consistent 11 to
14 foot thick zone of stiff red clay at a depth of about 75 feet below ground
level The clays of this zone are characteristically reddish-brown or blue-
grey with reddish mottling, blocky in texture and contain slickensides

The middle clayey zone consists of low permeability clays and silts which do
not yield significant quantities of water to wells installed in this zone
The hydrogeologic characteristics of the middle clay unit were analyzed by
field and laboratory tests conducted the 1986 Field Investigations These
results are reported in the 1986 Field Investigation Hydrology Report prepared
by Applied Hydrology Associates, Inc , December 19, 1986 The investigation
confirmed the generally low permeability of the clay and silt units and the
lateral consistency of the zone in the vicinity of the French Limited site
The predominance of fine-grained materials and the observation of large
potentiometric differences across the zone also supported the conclusion that
the zone is an effective barrier to downward migration of groundwater and acts
as a confining layer for the underlying lower silty sand zone

The middle clay zone has been referred to as an aquitard in the regional
groundwater system. AHA's analysis of the 1986 field tests indicates that the
unit should more appropriately be referred to as an aquiclude because it is
incapable of transmitting significant quantities of water under ordinary
hydraulic gradients

1.2.3 Lower Silty Sand Zone

The lower zone is a poorly consolidated water bearing silty sand or sandy silt
zone directly underlying the clayey middle zone The zone yields water easily
to wells and is considered to be an aquifer (Freeze and Cherry, 1979)

The lower silty sand zone varies in thickness from 15 to 30 feet It tends to
thin and contain more fines in the southern and eastern parts of the site
based on conditions encountered at the REI-3-4 and REI-7 wells. It is bounded
at its base by a silty clay unit having a thickness of at least five feet
This lower zone may represent a sandy zone within the Beaumont Formation or
the upper part of the Lissie Formation which underlies the Beaumont

The hydrogeologic characteristics of the lower silty sand zone were analyzed
by several long term pump tests conducted during the 1986 Field
Investigations These results are reported in the 1986 Field Investigation
Hydrology Report prepared by Applied Hydrology Associates, Inc , December 19,
1986.

2.0 UNCONFINED AQUIFER PUMP TEST ANALYSES

Analysis of unconfined aquifer pump test results is possible using a variety
of equations and type curves that have been developed to approximate the
response of an unconfined aquifer to radial flow to a pumping well Earlier
solutions were derived by invoking the Dupuit assumptions (Bear, 1979)
Using an adjusted drawdown s' - s-s /2Ho and the Dupuit assumptions, Jacob
derived a solution for unconfined flow that was equivalent to the The Is
solution. The Dupuit assumptions require that vertical gradients are
negligible Anisotropy with respect to the vertical dimension and the
increase in the slope of the water table around a pumping well cause the
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actual drawdowns to deviate from that determined based on the Dupuit
assumptions.

Boulton (1963) observed that the drawdowns from unconfined aquifer pump test
when plotted against time on logarithmic paper tended to follow an inflected
curve consisting of a steep segment at early times that closely matched the
Theis response, a flat segment at intermediate times, and a somewhat steeper
segment at later times The intermediate segment suggested the release from
storage of an additional water source which Boulton referred to as "delayed
yield" Boulton derived a new flow equation assuming that a component of the
storage coefficient varies with time

A variety of explanations have been offered to explain the "delayed yield"
phenomenon Drainage from the unsaturated zone has been dismissed by
theoretical and experimental data which show that the influence is negligible
Work by Neuman (1975) and Streltsova(1972) both showed that delayed yield
phenomenon may be caused by a time lag between the early artesian response of
the aquifer and the subsequent downward movement of the water table Bower
and Rice (1978) have hypothesized that the delayed yield response could be due
to delayed air entry during the early drawdown response However, Neuman
(1979) has observed that the delayed yield phenomenon has been observed in a
variety of site conditions and does not appear to correlate with hydrogeologic
conditions which would contribute to delayed air entry

Neuman's (1975) explanation has gained the greatest acceptance Neuman's
developed type curves from solutions based on linearization These solutions
are generally less restrictive than Jacob's Theis curve analysis but still
depend on an assumption that the drawdown at the water table remains small in
comparison with the initial saturated thickness of the aquifer

Walton (1978) concludes that analysis of unconfined pump test response can
provide meaningful results provided vertical components of flow, anisotropy in
permeability, decreases in aquifer saturated thickness, well bore storage
effects and partial penetration of wells are recognized and taken into account
in the analyses All these factors may appreciably affect the time rate of
drawdown, particularly during early pumping periods

2.1 SHORT TERM TESTING PROGRAM

Preliminary aquifer testing was conducted at the French Limited site between
May 24 and May 26, 1988 The testing was coordinated with the monthly
sampling of wells monitoring the upper alluvial zone ion the vicinity of the
French Limited site.

The results of these tests were included in a report "Preliminary Shallow
Aquifer Pumping Tests" dated July 1, 1988 The pump test measurements were
taken when the wells were purged prior to sampling Consequently there was
little control over the pumping rate The pumping times were of short
duration which usually allowed for only one flow measurement The only tests
with more than one flow measurement, pump tests at ERT-4 and REI-10-3, showed
that pumping rates appear to have varied significantly during the test with
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rates dropping during the later part of the pumping period The variable
pumping rates make interpretations from one pumping rate measurement suspect

Because of the problems with pumping rate control, it appears that the most
reliable tests from the short term testing program are the tests that were of
short enough duration to be interpreted as slug tests Thus, the
transmissivity values from the timelag analysis of the test results from wells
ERT-28 and ERT-30 are thought to be valid results, although they still should
be viewed as order of magnitude estimates

The results from wells ERT-23 and ERT-24 indicate relatively high
transmissivities Because of the high specific capacity for these wells, the
well bore storage effects appear to have had minimal influence on the test and
would have been negligible beyond two minutes into the drawdown and recovery
periods Furthermore, it is likely that the pumping rate was less variable
because of the limited drawdown The pumping period was from 8 to 9 minutes
and the flow measurement was recorded about midway through the pumping period
The transmissivities estimated from the drawdown and recovery data were 7133
and 8420 gpd/ft respectively for well ERT-23 and 2448 and 2922 respectively
for well ERT-24. AHA believes that these estimates are representative of
approximate magnitude for transmissivities in the immediate vicinity of these
wells

The other results from the preliminary testing program are unreliable because
of unknown variable pumping rates and well bore storage effects The attempts
to use the results to design the longer term testing program led to
overestimating the pumping rates because of the overestimation of
transmissivities from some of the tests In retrospect, attempts to develop
preliminary information on aquifer characteristics during well purging may be
inappropriate without considerable more control over pumping rates Results
would be most reliable for wells with very low transmissivities where the
tests can be interpreted as slug tests or for wells with small diameters and
relatively high transmissivites where well bore storage effects are negligible
for most of the drawdown and recovery period In the latter case frequent
flow measurements should be taken during the test

2.2 LONGER TERM PUMP TESTING PROGRAM

In the work plan "Pumping Test Program For Shallow Alluvial Aquifer Zone"
(July 28, 1988), five wells were selected for the longer term pump tests
Four of the locations were selected to develop aquifer characteristics in the
area where groundwater recovery wells would most likely be located immediately
south of the French Limited Lagoon. The fifth well, ERT-29 was selected to
characterize the aquifer between the French Limited Lagoon and the Riverdale
subdivision The test program called for pumping each well for six to 8 hours
and to measure drawdown and recovery in the pumped well and in any observation
wells. Two of the tests, ERT-20 and ERT-21, were designed as single well
tests

An update of this work plan dated August 3, 1988 was prepared This update
included the provision to monitor control variables during each of the tests.
The recommended control variables were precipitation, lagoon levels (for the
proposed REI-10-3) test and at least one control well for each test The
purpose of the control measurements and in particular the control wells is to
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be able to identify the extraneous fluctuations associated with
evapotranspiration and recharge from precipitation and to remove these
fluctuations from the water level response in the observation wells in order
to arrive at the response due only to pumping It is known from the extensive
measurements taken during the aquitard evaluation tests performed in 1986 that
the water level fluctuations in the upper alluvial zone are unaffected by
barometric fluctuations Therefore, barometric measurements were not included
as a control variable

2.3 AQUIFER PUMPING TEST RESULTS

A number of modifications to the testing program were also made in the field
either in response to the sustainable pumping rates which were generally lower
than anticipated or to address concerns raised by EPA and Jacobs Engineering
concerning test locations Short term step drawdown tests were performed on
wells REI-10-2, REI-10-3 and REI-10-4 These tests did not include control
measurements A longer term test of well REI-10-3 was not performed
Instead, a seven hour pump test was conducted on well ERT-10 A seven hour
test was also conducted on well ERT-22 Tests of six to eight hours were
performed on wells ERT-7 and ERT-21, as called for in the work plan The
tests on wells ERT-20, and ERT-29 were terminated short of 6 hours due to
measurement difficulties and problems with sustaining a constant pumping rate
as explained in more detail in Appendix 1

A description of the background, procedures and results for each test are
provided in Appendix 1 along with the field data and reduced data from the
pumping well, the observation wells and the control wells

The estimates considered to be most representative for each well test are
summarized in Table 1 along with the reliable results from the preliminary
testing program and a test of well REI-3-3 conducted during the 1986 Field
investigations The results from the later test .are included in Appendix 2

The results from wells ERT-20, ERT-21 and ERT-22 all indicate similar values
for transmissivity in the range from 595 to 714 gpd/ft Results from the
drawdown analyses indicate a broader range for transmissivity but the recovery
data is considered to be the most reliable Recovery data tends to be less
susceptible to variations in pumping rate The transmissivity estimate of
1387 gpd/ft calculated in the vicinity of well ERT-7 is somewhat higher but
corresponds with the higher well yields from wells ERT-7 and ERT-8 The
storage coefficient of 0 0041 determined from the recovery analysis
corresponds with the early test, elastic storage coefficient as described by
Neuman(1975) It is not representative of the specific yield that would
characterize the storage coefficient for a long term test or pumping program

Transmissivity values appear to decrease toward the southwest corner of the
lagoon The transmissivity calculated from the ERT-10 test is 489 gpd/ft
The storage coefficient of 0 0042 is remarkably close to the estimate from the
ERT-7 well test. The transmissivity values around the wells REI-10-2, REI-10-
3 and REI-10-4 is even lower as evidenced by the very low values for specific
capacity.

Unfortunately, all the pumping well data results from the step drawdown tests
at wells REI-10-2, REI-10-3 and REI-10-4 were subject to significant well bore
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storage Influence The drawdown response at the observation wells was
relatively minor The best response was in well REI-10-4 during pumping of
well REI-10-2 Even though the pumping rate changed during the test, the rate
change was less than 30% and it occurred relatively early during the test
The drawdown response was successfully matched to a Boulton Delayed Yield
curve with r/B - 2 0 The resulting transmissivity is 142 gpd/ft which seems
reasonable if somewhat on the high side while the corresponding storage
coefficient of 0092 is thought to be reasonable for the early test response
for ann unconfined aquifer

A more transmissive zone appears to exist in the vicinity of well ERT-23
This zone is localized as evidenced by the low transmissivity values at wells
REI-10-2 and REI-10-4 northeast of the well and at wells ERT-28 and ERT-30
located southwest of the well The estimated transmissivity is approximately
8000 gpd/ft. The high transmissivity may be associated with a channel sand
This more transmissive zone does not appear to extend to the southeast as far
as the REI-3-3 well but may extend toward the northwest and west in the
direction of well ERT-24 and well ERT-27 The preliminary test results at
well ERT-24 suggested a transmissivity for this well of approximately 2500
gpd/ft Likewise, the recovery analysis from well ERT-27 indicate a
transmissivity of about 7000 gpd/ft However, the results from well ERT-27
were considered to be less reliable because of possible errors in pumping rate
measurement and possible influence of well bore storage

The slug test analysis of wells ERT-28 and ERT-30 suggest very low values of
transmissivity for these wells These results should be viewed as order of
magnitude estimates considering the limitations of slug test analyses
Furthermore, slug test results are representative of the zone immediately
around the well bore which may not be representative of the aquifer Results
are somewhat dependent on the degree of well development that could be
achieved

Finally, results from a 12 5 hour pump test of well REI-3-3 conducted during
the 1986 hydrologic field studies were analyzed with a Boulton Delayed Yield
type curve. The results appear to indicated a delayed yield phenomenon. The
calculated transmissivity was 500 gpd/ft The calculated storage coefficient
for the early test response was .003 which is very similar to the value
calculated for the ERT-10 and ERT-7 well tests



023192 TABLE 1

SUMMARY OF AQUIFER TEST DATA
FRENCH LIMITED SITE

CROSBY, TEXAS

PUMP WELL

ERT-10

ERT-10

ERT-20

ERT-21

ERT-22

ERT-7

REI-3-3

REI-10-2

ERT-23

ERT-24

ERT-25

ERT-26

ERT-27

ERT-28

ERT-30

OBS WELL

ERT-9

REI-10-4

ERT-20

ERT-21

ERT-22

ERT-8

REI-3-5

REI-10-4

ERT-23

ERT-24

ERT-25

ERT-26

ERT-27

ERT-28

ERT-30

ANALYSIS
METHOD

Bur soy &
Sommers
(Recovery)

Bursoy &
Sommers
(Drawdown)

Boulton
Del Yld

Birsoy &
Sommers
(Recovery)

Theis
Recovery

Brisoy &
Sommers
(Recovery)

Theis
Recovery

Boulton
Del Yld

Boulton
Del Yld

Theis
Recovery

Theis
Recovery

Jacob
Recovery

Jacob
Recovery

Jacob
Recovery

Hvorslev
Slug Test

Hvorslev
Slug Test

T
GPP/FT

489

463

145

695

595

714

1387

500

142

8420

2922

1550

1260

7000

52

63

K
CM/S S

9 8X10'4 0042

9 3X10'4 0074

2 9X10"4 00079

1 4X10 ~3

1 2X10-3

1 4X10 '3

2 8X10 '3

1 5X10 "3 003

4 3X10'4 0092

1 7X10' 2

5 8X10 ~3

2 3x10 '3

1 9x10 '3

1 1x10 '2

7 8X10 ~5

9 5X10 ~5

SATURATED
THICKNESS

30 feet

30 feet

30 feet

30 feet

30 feet

30 feet

30 feet

20 feet

20 feet

30 feet

30 feet

40 feet

40 feet

40 feet

40 feet

40 feet
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APPENDIX A

SHALLOW ALLUVIAL ZONE PUMP TEST DATA AND INTERPRETATION

French Limited Site
Crosby, Texas

August 5 to August 15, 1988
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APPENDIX B

PUMP TEST OF WELL REI-3-3
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FRENCH LIMITED SITE
AQUIFER TESTING PROGRAM

DATE OF TEST August 15, 1988

PUMPED WELL: ERT-10

TOTAL DEPTH: 50 FEET

SCREENED INTERVAL' 20 FT TO 50 FT. CASING DIAMETER' 4 INCHES

OBSERVATION WELLS ERT-9, ERT-9A and ERT-10A

CONTROL WELLS' REI-10-4, ERT-1, ERT-1A, ERT-8 and ERT-8A

BACKGROUND AND DESCRIPTION OF TEST

The test of well ERT-10 was not in the original work plan for pump testing the
shallow alluvial aquifer zone dated June 13, 1988 The original work plan
called for testing well REI-10-3 located approximately 170 feet west of well
ERT-10

In the review of the work plan, Kathleen O'Reiley of EPA expressed concern
that the REI-10-3 well may not be representative because of the low
transmissivity associated with the single well recovery analysis of the short
term (15 minute) test performed on May 26, 1988 It was agreed that we would
perform a step drawdown or variable rate test on wells REI-10-2, REI-10-3 and
REI-10-4 to help select a well for pumping in a 6 to 8 hour test

The results of these variable rate tests indicated that all three wells were
poor producers and transmissivities in the area were quite low. Following
discussion of these results with Kathleen O'Reiley on site on August 11, 1988,
it was agreed that we would test either well ERT-9 or ERT-10 rather than one
of the wells at the REI-10 well cluster. The primary reason for pump testing
either the ERT-9 or ERT-10 well was to provide information about aquifer
characteristics between the poor transmissive REI-10 well cluster and the
higher transmissive zone around well ERT-7 Furthermore, it was concluded
that the variable rate tests would provide an indication of the magnitude for
transmissivity around the REI-10 well cluster Well ERT-10 was selected for
pumping because it generally produced more water than well ERT-9 during
purging the well prior to sampling.

A preliminary variable rate test was performed on well ERT-10 by Applied
Hydrology Associates and ERT on August 12, 1988 in order to select an
appropriate pumping rate for the 6 to 8 hour test. Water level measurements
were taken on the pumped well and on wells ERT-10A, ERT-9 and ERT-9A It was
not possible to set or adjust the flow rate using the rotometer because water
was too turbid and dark to observe the gage Flow measurements were taken
using a 5-gallon bucket and stop watch The well was pumped for 30 minutes at
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a rate of approximately 0.93 gpm although it was more difficult to maintain a
constant rate without being able to read the flow meter

The drawdown after 31 minutes was only 2 33 feet so the pumping rate was
increased to a rate which averaged about 2 14 gpm for the next 35 minutes An
additional 7.14 feet of drawdown occurred after pumping at this rate for 35
minutes. Pumping was terminated and recovery measurements were taken for
about 4 hours after the test. Field measurements are attached. Water
produced from the test was pumped directly into the French Limited Lagoon

On the basis of the preliminary step test, it was decided to pump at a rate of
about 2.14 gpm during the 6 to 8 hour test The valves were left at the
position which produced a rate of 2 14 gpm in the latter portion of the step
test, the pump remained in the well over the weekend, and the test was started
at 9 am on August 15 Because of the difficulty reading the flow meter, flow
measurements were taken almost continually with a 5-gal bucket and stop
watch.

After about 97 minutes into the test, the drawdown reached the pump level even
though the well was pumped at a rate of only about 2 05 gpm Rather than
terminating the test, it was decided to continue pumping at a lower rate
Subsequent measurements with a 5-gallon bucket and stop watch showed this
pumping rate to average about 0 84 gpm and to range from 0 72 to 1 03 gpm.
After pumping at this rate for about 220 minutes, the water levels reached the
pumping level and we were unable to sustain the pumping rate at 0 84 gpm. For
the last 113 minutes of the test, the pumping rate averaged about 0 64 gpm and
ranged from 0 59 to 0.71 gpm

Recovery measurements were taken from the pumping well and the observation
wells for 342 minutes following termination of pumping. Field measurements
are attached. Water produced from the test was pumped directly into the
French Limited Lagoon.

INTERPRETATION-

The control wells ERT-1, ERT-8 and ERT-8a showed a similar diurnal pattern as
shown in Figure 1. Measurements at control well ERT-1A were not included
because organics in the well precluded precise measurement. The diurnal
fluctuation in wells ERT-1, ERT-8 and ERT-8A was approximately 0 1 feet. No
precipitation was recorded during the test The highest water levels appeared
between 16-00 and 17-30 and the lowest levels appeared between 11-00 and
12:00.

Because of the relatively small response in well REI-10-4, it was decided to
adjust the response for diurnal fluctuations based on the pattern of
fluctuations seen in the control wells The response in wells ERT-9A and ERT-
10A was so small (less than .05 feet) that the drawdown response could not be
interpreted quantitatively with or without adjustment for the observed diurnal
fluctuations. Qualitatively, it was obvious that the lack of a significant
response in wells ERT-9A and ERT-10A located 15 05 and 11 4 ft respectively
from the pumped well, is indicative of a much a vertical hydraulic
conductivity that may be several orders of magnitude lower than the horizontal
hydraulic conductivity
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An adjustment of water level measurements for the observation well ERT-9 and
the pumped well ERT-10 was not performed because the diurnal fluctuation was
so small relative to the drawdown response in these wells

Drawdown values determined from water level measurements in wells ERT-10 and
ERT-9 were adjusted using Jacob's correction for water table conditions.
Jacob's correction is:

5adj - s - (s2/2*m)

where s is drawdown,
sad* is adjusted drawdown, and
m is the aquifer thickness from static measurements

Drawdown and adjusted drawdown values are included in the attached spread
sheet Following the procedures of Birsoy and Summers (1980), an adjusted
time was calculated for the drawdown data and a dimensionless time was
calculated for the recovery data

The ratio of adjusted drawdown to the associated pumping rate for wells ERT-9
and ERT-10 were plotted against the log of adjusted time on the attached semi-
log plots in Figures A-l and A-2 The ratio of the adjusted residual
drawdown (recovery) to the final pumping rate were also plotted against the
log of dimensionless time on the same semi-log plots. Well bore effects had a
significant influence on the production well response data It was concluded
that no portion of the single well data could be used to evaluate aquifer
characteristics

Better results were obtained from the observation well ERT-9 The
transmissivity and storage coefficient calculated from the recovery data from
the semilog plots were 372 gpd/ft. and 0035 The transmissivity was about
20% the magnitude calculated fro the ERT-7 well site but the storage
coefficients were similar Delayed yield effects were not observed but could
have been masked by the variable pumping rate

The response in well REI-10-4 due to the constant pumping during the first 95
minutes was plotted on log-log paper included in Figure A-3 The drawdown
response at well REI-10-4 did not follow a Theis response A good match was
obtained using the early test portion of a Boulton Delayed-Yield Type Curve
with r/B equal to 1 5 The calculated transmissivity from the match was 145
gpd/ft and the storage coefficient from the early test match was 0.0008.
These results seem reasonable since the hydraulic conductivity decreases in
the direction of the REI-10-4 well

As indicated previously, the drawdown response in observation wells ERT-9A and
ERT-10A were not analyzed quantitatively because of the very small (less than
.05 ft.) response in these wells
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ERT-10 Aquifer Pump Test
Control Well Water Level Fluctuations

hour
11.00
10.00
10.00

9.00
8.00
9.00

11.00
12.00
12.00
13.00
13.00
14.00
14.00
15.00
15.00
15.00
16.00
16.00
16.00
17.00
17.00
18.00
18.00
19.00
19.00
20.00
20.00
21.00
21.00
10.00
10.00

9.00
9.00
8.00

11.00
11.00
12.00
12.00
13.00
13.00
14.00
14.00
15.00
15.00
16.00
16.00
16.00
16.00
17.00

minute
1.00

33.00
11.00
43.00
42.00
18.00
34.00

2.00
32.00

4.00
31.00

3.00
47.00

8.00
34.00
58.00
21.00
37.00
57.00
26.00
56.00
26.00
56.00
26.00
56.00
26.00
56.00
26.00
56.00
42.00
18.00
48.00
24.00
49.00

8.00
40.00

7.00
45.00
11.00
37.00
12.00
47.00
12.00
39.00

3.00
24.00
40.00
59.00
28.00

mean-dev
ERT-8A

ERT-8A 5.15 ERT-1
6.35
6.35
6.34
6.32
6.32
6.31
6.36
6.35
6.35
6.34
6.33
6.34
6.32
6.31
6.31
6.29
6.27
6.27
6.26
6.26
6.26
6.27
6.27
6.27
6.28
6.28
6.29
6.28
6.29

1

mean-dev
ERT-1

6.30
-0.05
-0.05
-0.04
-0.02
-0.02
-0.01

, -0.06
-0.05
-0.05
-0.04
-0.03
-0.04
-0.02
-0.01
-0.01

0.01
0.03
0.03
0.04
0.04
0.04
0.03
0.03
0.03
0.02
0.02
0.01
0.02
0.01

ERT-8

4.54
4.54
4.54
4.53
4.53
4.54
4.54
4.54
4.53
4.52
4.52
4.52
4.50
4.50
4.48
4.48
4.46
4.46
4.46
4.46

mean-d
ERT-8

4.50

-0.04
-0.04
-0.04
-0.03
-0.03
-0.04
-0.04
-0.04
-0.03
-0.02
-0.02
-0.02

0.00
0.00
0.02
0.03
0.04
0.04
0.04
0.04
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hour
18.00
18.00
18.00
19.00
19.00
20.00
20.00
21.00
21.00
10.00
10.00
9.00
9.00
8.00

11.00
11.00
12.00
12.00
13.00
13.00
14.00
14.00
15.00
15.00
16.00
16.00
16.00
17.00
17.00
18.00
18.00
18.00
19.00
19.00
20.00
20.00
21.00
21.00
10.00
9.00

10.00
8.00
9.00

11.00

minute

, 0.00
'28.00
58.00
28.00
58.00
28.00
58.00
28.00
58.00
19.00
42.00
50.00
25.00
50.00

9.00
41.00
7.00

45.00
12.00
37.00
13.00
48.00
13.00
40.00
4.00

25.00
41.00

0.00
29.00

1.00
29.00
59.00
29.00
59.00
29.00
59.00
29.00
59.00
8.00

40.00
31.00
46.00
20.00

4.00

ERT-8;

5.18
5.18
5.17
5.17
5.16
5.19
5.19
5.19
5.18
5.17
5.16
5.17
5.15
5.13
5.13
5.12
5.12
5.12
5.11
5.11
5.12
5.13
5.14
5.14
5.15
5.15
5.16
5.16
5.16

mean-dev
ERT-8A
5.15 ERT-1

mean-dev
ERT-1

6.30 ]BRT-8

4.46
4.47
4.48
4.48
4.49
4.50
4.50
4.50
4.51

mean-dev
ERT-8

4.50

0.04
0.03
0.02
0.02
0.01
0.00
0.00
0.00

-0.01
-0.03
-0.03
-0.02
-0.02
-0.01
-0.04
-0.04
-0.04
-0.03
-0.02
-0.01
-0.02
0.00
0.02
0.02
0.03
0.03
0.03
0.04
0.04
0.03
0.02
0.01
0.01
0.00
0.00
-0.01
-0.01
-0.01
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STEP DRAWDOWN TEST - WELL ERT 10

Saturated Thickness 50 feet

static water level 5 74 feet

TIME-t

min

0 00
1.00
2.00
3.00
4 00
5 00
6 00
7.00
8 00
9 00
10 00
11.00
12.00
13 00
14 00
15 00
20 00
25.00
30 00
35.00
40 00
70 00
75 00
80 00
85.00
88 00
90 00
98.50
100.00
105.00
110.00
115 00
120.00
125.00
130.00
135.00
140.00
145 00
150 00
155..00
160.00
170.00
180 00
190.00

DEPTH DRAWDOWN ADJUSTED
DRAWDOWN

ft

5
7
8
8
8
8
8
8
9
9
10
11
11
12
13
13
16
17
18
19
20
29
31
33
36
37
39
39
37
33
31
29
29
29
28
29
29
29
29
29
29
30
30
30

.74

.68

.16

.40
57
70
.80
.86
.12
.16
20
27
84
42
02
58
.08
.38
.47
.67
95
.02
.07
25
20
.82
20
.30
82
97
.15
90
.42
.05
90
.35
.47
.50
60
60
.92
20
62
93

ft

t-Ti

ft

0.00
1.
2
2
2.
2
3.
3
3
3
4
5.
6
6
7.
7
10.
11
12
13.
15
23.
25
27.
30
32
33
33.
32.
28
25.
24
23
23.
23
23.
23.
23
23.
23
24
24
24
25

94
42
66
83
96
06
12
38
42
46
53
10
68
28
84
34
64
73
93
21
28
33
51
46
08
46
56
08
23
41
16
68
31
16
61
73
76
86
86
18
46
88
19

0
1
2
2
2
2
2
3
3
3
4
5
5
6
6
7
9
10
11
11
12
17
18
19
21
21
22
22
21
20
18
18
18
17
17
18
18
18
18
18
18
18
18
18

.00
90
36
59
.75
.87
.97
02
27
30
26
22
73
.23
.75
23
27
.29
11
.99
90
86
91
94
18
79
26
.30
79
26
95
.32
.07
88
80
.04
.10
11
.17
.17
.33
48
.69
84

1
3
8
13
18
23
28
33
38
43
48
53
58
63
73
83
93

50
00
00
00
00
.00
00
00
00
00
.00
00
00
00
00
00
00

ADJUSTED
TIME

s/Q

min

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
20
25
30
35
40
70
75
80
85
88
90

40858
15619
4283
2384
1663
1296
1078
936
838
766
712
671
638
612
574
548
531

00
00
00
00
00
00
.00
.00
.00
00
.00
00
00
00
00
00
.00
00
00
.00
.00
00
00
00
00
00
00
12
62
36
.30
01
15
60
80
.28
66
82
.31
67
63
49
97
73

0 00
0 93
1 15
1 26
1 34
1.40
1 45
1 47
1.59
1 61
2 08
2 55
2 79
3.04
3 29
3 52
4 52
5 02
5 42
5 85
6 29
8 71
9 23
9 73
10 33
10 63
10.86
26 54
25 94
24 12
22 56
21 81
21.51
21 28
21.19
21 47
21 55
21 57
21 63
21 63
21 83
22 00
22 25
22 43

RECOVERY t/t'
TIME-t'

min
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TIME-t

min

200.00
1210.00
F220.00
230.00
240.00
250.00
260 00
270.00
280 00
292.00
304.50
314.00
320 00
330.00
340.00
350 00
360.00
370.00
400 00
430.00
431 45
431.75
432.88
434.02
435.08
436.50

1
437 82
439 13
440.50
442 90
443.33
446.43
449.50
451.60
454.97
460 50
466.08
473.17
481 92
493.42
500.50
508.83
519.17
533.87
552 53
562.83
588.25
622.00
652.00
682.00
712.00

1
742.00
772.00

DEPTH DRAWDOWN ADJUSTED t-Ti ADJUSTED
DRAWDOWN TIME

ft ft ft min

31.96 26.22 19.35 103 00 520.19
32 S3" 27 11 19 76 113 00 512 76
33.68 27.94 20.13 123.00 508 36
34 35 28 61 20 42 133 00 506 27
35 21 29.47 20 79 143 00 505 99
36.05 30.31 21 12 153 00 507 13
36 73 30 99 21 39 163 00 509 43
38.04 32 30 21 87 173 00 512 66
38.84 33.10 22 14 183 00 516 68
38 75 33 01 22 11 195 00 522 36
38.74 33 00 22.11 207 50 529 09
39.68 33 94 22 42 217 00 534 67
39 74 34 00 22 44 3 00 2725 49
39 23 33.49 22 27 13.00 1750 76
39.41 33.67 22 33 23 00 1488 73
39 32 33.58 22 30 33 00 1352 17
40.20 34.46 22.59 43 00 1266 10
40.20 34.46 22 59 53 00 1206 60
40.25 34 51 22 60 83 00 1105 44
40.25
39 30
39 00
38.00
37 00
36.00
35 00
34.00
33.00
32.00
31 00
30 00
28 00
26 00
24.00
22.00
20 00
18 00
16.00
14.00
12.00
11.00
10 00
9 00
8.00
7.00
6.60
6 00
5 85
5.83
5.81
5.81
5.80
5.80

34.51
33.56
33 26
32.26
31.26
30.26
29 26
28.26
27.26
26.26
25.26
24.26
22.26
20.26
18.26
16.26
14 26
12 26
10 26
8.26
6 26
5.26
4 26
3.26
2 26
1.26
0 86
0 26
0 11
0.09
0 07
0 07
0.06
0.06

22
22
22
21
21
21
20
20
19
19
18
18
17
16
14
13
12
10
9
7
5
4
4
3
2
1
0
0
0
0
0
0
0
0

.60 113
30 1
20 1
.85 2
.49 4
.10 5
70 6
27 7
83 9
36 10
88 12
.37 13
30 16
16 19
.93 21
62 24
23 30
76 36
.21 43
58 51
87 63
98 70
08 78
15 89
21 103
.24 122
85 132
26 158
.11 192
09 222
07 252
07 282
06 312
06 342

.00
45
75
.88
.02
08
50
82
13
.50
90
33
43
50
60
.97
50
08
17
92
42
50
83
17
87
53
83
25
00
.00
00
00
00
.00

1058
729
603.
366.
262
207'
161
134
115
99
81
78.
63
53
48
41.
33
28
23.
19
16
14
13
11
9
8.
7
6
5
4.
4
4.
3.
3

63
06
90
57
34
• l*JIt 1

90
42
01
90
17
53
58
47
21
63
99
67
91
85
23
60
06
56
95
48
85
66
58
90
40
00
69
43

s/Q RECOVERY
TIME-t'

min

23.03
23 52
23 97
24 32
24 74
25 15
25 46
26.03
26 36
26 33
26 32
26 69
35 06
34 80
34 90
34.85
35 29
35 29
35 31
35 31
34 84
34 68
34 15
33 58
32 97
32 34
31 68
30 98
30 26
29 50
28.71
27 04
25 24
23 32
21 28
19 10
16 81
14 39
11 84
9 17
7.79
6 37
4 93
3 45
1 94
1 33
0 41
0 17
0 14
0.11
0.11
0.09
0 09

1
1
2
4
5
6
7
9.
10
12
13
16
19
21
24
30
36
43
51
63.
70.
78
89
103
122
132
158
192
222
252
282
312
342.

45
75
88
02
08
50
82
13
50
90
33
43
50
60
97
50
08
17
92
42
50
83
17
87
53
83
25
00
00
00
00
00
00

t/t'

297 55
246 71
150 31
107 97
85.65
67 15
55 99
48.10
41 95
34 33
33 26
27 17
23 05
20 91
18 22
15 10
12 92
10 96
9 28
7 78
7.10
6 45
5 82
5 14
4 51
4 24
3.72
3 24
2 94
2 71
2 52
2 38
2 26
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STEP DRAWDOWN TEST - WELL ERT 10

OBSERVATION WELL - ERT-9

Saturated Thickness

static water level

50 feet

5.55 feet

TIME-t DEPTH DRAWDOWN ADJUSTED t-Ti ADJUSTED
DRAWDOWN TIME

min ft ft ft min

S/Q RECOVERY t/t'
TIME-t'
min

0.00
4.50
11.50
15.50
20.50
25.50
30.50
35.50
40.50
45.50
50.50
55.50
60.50
70.50
80.50
90.50
100.50
105.50
110.50
115.50
120.50
125.50
130.50
135.50
140.50
145.50
150.50
155.50
160.50
170.50
180.50
190.50
200.50
210.50
220.50
232.30
240.00
249.10
261.50
269.60
281.70
289.35

5.55
5.82
6.08
6.31
6.49
6.60
6.66
6.72
6.78
6.82
6.85
6.87
6.91
6.96
6.98
6.96
6.90
6.82
6.76
6.71
6.67
6.63
6.60
6.58
6.57
6.55
6.54
6.53
6.52
6.50
6.49
6.48
6.48
6.46
6.47
6.46
6.47
6.45
6.44
6.42
6.44
6.42

0.00
0.27
0.53
0.76
0.94
1.05
1.11
1.17
1.23
1.27
1.30
1.32
1.36
1.41
1.43
1.41
1.35
1.27
1.21
1.16
1.12
1.08
1.05
1.03
1.02
1.00
0.99
0.98
0.97
0.95
0.94
0.93
0.92
0.91
0.92
0.91
0.92
0.90
0.89
0.87
0.89
0.87

0.00
0.27
0.53
0.75
0.93
1.04
1.10
1.16
1.21
1.25
1.28
1.30
1.34
1.39
1.41
1.39
1.33
1.25
1.20
1.15
1.11
1.06
1.04
1.02
1.01
0.99
0.98
0.97
0.96
0.94
0.93
0.92
0.92
0.90
0.91
0.90
0.91
0.89
0.88
0.86
0.88
0.86

•

3.50
8.50
13.50
18.50
23.50
28.50
33.50
38.50
43.50
48.50
53.50
58.50
63.50
73.50
83.50
93.50
103.50
113.50
123.50
135.30
143.00
152.10
164.50
172.60
184.70
192.35

0.00
4.50
11.50
15.50
20.50
25.50
30.50
35.50
40.50
45.50
50.50
55.50
60.50
70.50
80.50
90.50

12662.56
3970.94
2283.27
1615.67
1269.43
1061.75
925.35
830.10
760.59
708.18
667.69
635.80
610.32
572.96
547.94
531.03
519.73
512.47
508.20
506.06
505.99
506.98
509.86
512.52
517.43
521.03

0.00
0.13
0.26
0.37
0.45
0.51
0.54
0.56
0.59
0.61
0.63
0.64
0.65
0.68
0.69
0.68
1.59
1.49
1.42
1.36
1.32
1.27
1.24
1.21
1.20
1.18
1.17
1.16
1.14
1.12
1.11
1.10
1.09
1.07
1.09
1.07
1.09
1.06
1.05
1.03
1.05
1.03
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TlME-t DEPTH DRAWDOWN ADJUSTED
DRAWDOWN

min ft ft ft

302.15 6.42 0.87 0.86
309.33 6.40 0.85 0.84
321.65 6.35 0.80 0.79
333.00 6.32 0.77 0.76
341.33 6.31 0.76 0.75
351.82 6.28 0.73 0.72
359.50 6.27 0.72 0.71
371.77 6.25 0.70 0.70
379.18 6.25 0.70 0.70
391.65 6.22 0.67 0.67
400.12 6.20 0.65 0.65
411.43 6.18 0.63 0.63
419.50
431.90
436.50
441.92
448.50
452.50
456.00
461.50
467.00
472.00
477.00
482.50
490.00
500.00
510.00
520.00
530.00
540.00
550.00
560.00
590.00
620.00
650.00
680.00
710.00
740.00
770.00

6.17
6.15
6.15
6.12
6.08
6.05
6.02
5.99
5.95
5.93
5.90
5.88
5.85
5.82
5.80
5.76
5.72
5.71
5.70
5.68
5.65
5.61
5.59
5.58
5.58
5.57
5.56

0.62
0.60
0.60
0.57
0.53
0.50
0.47
0.44
0.40
0.38
0.35
0.33
0.30
0.27
0.25
0.21
0.17
0.16
0.15
0.13
0.10
0.06
0.04
0.03
0.03
0.02
0.01

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

62
60
60
57
53
50
47
43
40
38
35
33
30
27
24
20
17
16
14
13
10
06
04
03
03
02
01

t-Ti ADJUSTED
TIME

min

205.15 527.76
212.33 531.88
4.65 2382.69
16.00 1648.66
24.33 1466.01
34.82 1333.76
42.50 1269.65
54.77 1197.95
62.18 1166.33
74.65 1125.96
83.12 1105.17
94.43 1083.46
102.
1.
6.
11.
18.
22.
26.
31.
37.
42.
47.
52.
60.
70.
80.
90.
100.
110.
120.
130.
160.
190.
220.
250.
280.
310.
340.

50
90
50
92
50
50
00
50
00
00
00
50
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

1071
556
161
87
56
46
39
32
27
24
21
19
17
14
12
11
10
9
8
8
6
5
4
4
4
3
3

.27

.15

.90

.91

.39

.26

.96

.90

.95

.59

.95

.63

.16

.70

.87

.45

.33

.41

.65

.01

.59

.63

.94

.43

.03

.71

.45

s/Q RECOVERY t/t'
TIME-t1

min-

1.03
1.00
1.24
1.19
1.18
1.13
1.12
1.09
1.09
1.04
1.01
0.98
0.96
0.93
0.93
0.89
0.82
0.78
0.73
0.68
0.62
0.59
0.54
0.51
0.47
0.42
0.38
0.32
0.27
0.25
0.23
0.20
0.16
0.09
0.06
0.05
0.05
0.03
0.02

1.90
6.50
11.92
18.50
22.50
26.00
31.50
37.00
42.00
47.00
52.50
60.00
70.00
80.00
90.00
100.00
110.00
120.00
130.00
160.00
190.00
220.00
250.00
280.00
310.00
340.00

227.32
67.15
37.07
24.24
20.11
17.54
14.65
12.62
11.24
10.15
9.19
8.17
7.14
6.38
5.78
5.30
4.91
4.58
4.31
3.69
3.26
2.95
2.72
2.54
2.39
2.26
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STEP DRAWDOWN TEST - WELL ERT 10

OBSERVATION WELL - REI-10-4

Saturated Thickness 42.54 feet

static water level 5.46 feet

TIME-t DEPTH DRAWDOWN ADJUSTED RECOVERY t/t1

DRAWDOWN TIME-t1

ain ft ft ft min

0.00
20.00
40.00
68.00
91.00
125.00
150.00
181.00
21*4.00
246.00
273.00
308.00
344.00
365.00
392.00
420.00
430.00
431.00
435.00
440.00
448.00
453.00
458.00
475.00
490.00
505.00
520.00
535.00
550.00
565.00
595.00
625.00
655.00
685.00
715.00
745.00
775.00

5.46
5.60
5.85
6.02
6.11
6.04
5.97
5.95
5.95
5.94
5.93
5.93
5.88
5.88
5.84
5.82
5.82
5.82
5.81
5.80
5.78
5.77
5.75
5.70
5.66
5.63
5.60
5.58
5.57
5.55
5.55
5.51
5.50
5.50
5.49
5.48
5.47

0.00
0.14
0.39
0.56
0.65
0.58
0.51
0.49
0.49
0.48
0.47
0.47
0.42
0.42
0.38
0.36
0.36
0.36
0.35
0.34
0.32
0.31
0.29
0.24
0.20
0.17
0.14
0.12
0.11
0.09
0.09
0.05
0.04
0.04
0.03
0.02
0.01

0.00
0.14
0.39
0.56
0.65
0.58
0.51
0.49
0.49
0.48
0.47
0.47
0.42
0.42
0.38
0.36
0.36
0.36
0.35
0.34
0.32
0.31
0.29
0.24
0.20
0.17
0.14
0.12
0.11
0.09
0.09
0.05
0.04
0.04
0.03
0.02
0.01

1.00
5.00
10.00
18.00
23.00
28.00
45.00
60.00
75.00
90.00
105.00
120.00
135.00
165.00
195.00
225.00
255.00
285.00
315.00
345.00

431.00
87.00
44.00
24.89
19.70
16.36
10.56
8.17
6.73
5.78
5.10
4.58
4.19
3.61
3.21
2.91
2.69
2.51
2.37
2.25
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Recovery Analysis

I - 264 gpd/ft
A (S/Q)

T - 264 - 489 gpd/ft
0 54

S - T (to)
4790 rZ

! S - 489 (3 4)
1 4790 (9 OS)2

S - 0042

FRENCH LIMITED PROJECT
CROSBY. TEXAS

SEMI-LOO PLOT

PUMPED WELL

.OBSERVATION

DATEISI

FIGURE A'2.
OF 8/O VERSUS ADJUSTED TIME

ERT-10

u.... ERT-9

AUQ IS, !«••

PROJECT No 26 DATE {REVISION

PREPARED BY APPLIED HYDROLOGY ASSOCIATES. DENVER CO
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I - 145 gpd/ft - 01346 ft2/min

Se - 4 T t - 4 ( 01346 ft2/mln) (27 nln )
" r 2 ( 4 4 6 ) 2

Se - 000785

FRENCH LIMITED PROJECT
CROSBY. TEXAS

FIGURE A-3

BOULTON DELAYED YIELD ANALYSIS

PUMPED WELL MT-tO

_OBSeHVATIOH WELL HEI-10-4
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LOCK TIME TIME AFTER
TEST STARTED

1 (,'*?</
lt,\
/I 0v : to

'Jo

/7

S7 off. 30

/I' H>'3o
. // '00

'7:0.30

\-i"2.o

"

l)

43-n : ̂  OL
'

I T. î
' •

?.'
X

STATIC WATER LEVEL DEPTH

STATIC WATER LEVEL ELEVATION

DEPTH OF WATER
LEVEL DELOW M.P.

*J) A*
7 V

5". 78
S".

7.0-i,

7.
7.83

ff.ot

8
8 11,

ot,
8 ot,

fl 0+

•7 1C,

<_^_

1 3.9. sr

ORAWOOW/ OF

WATER LEVEL

jLo

5- xî

COUUENTS

'*' U" •
9' /

' 1 1-*
IS"

I

:<'<*.
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WELL

TESTED INTERVAL

DATE ft-)2

PERSONNEL'

HYDROLOGIC TEST DATA SHEET

GR. ELEVATION

M P. ELEVATION

STATIC WATER LEVEL DEPTH S

STATIC WATER LEVEL ELEVATION

CLOCK TIME

ia:26v3c
i ST. 31 : •?
(fl "Zc.'.?
it>'4i:3o
»i'.t|^5o

lS'-S/.'3o
lfe:5G'.30
I^:o\i5&

»1*;6'.5T>
^•.^1:50
rt'.Mf.Sc

2& : of : 30
aof3r Jo
2.1 Ol '^O

2.1 '.51 -3o
22 P/'J«P

TIME AFTER

TEST STARTED

-3

n

ti DEPTH OF WATER

LEVEL DELOW M.P

£ SL9
/s.^,/
<«./<:
t». IQ«
£>. to

<b,e>7
& 05
6 '.03
S'.^^
p-.qs

5.92.
5-^1
5-.-sr
-5.X7

r.ffC?
S%5

DfiAVOOVW OF

WATER LEVEL

*

COUUENTS
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WELL * £^T

TESTED INTERVAL

DATE fr-

HYDROLOGIC TEST DATA SHEET

GR. ELEVATION

M.P. ELEVATION

PERSONNEL

STATIC WATER LEVEL DEPTH

STATIC WATER LEVEL ELEVATION

LOCK TIME TIME AFTER

TEST STARTED

DEPTH OF WATER

LEVEL OELOW M.P.

ORAWOOWW OF

WATER LEVEL

COUUENTS

o
17 '00

/7'Btf

to

-. ??

.io

YO.'

JO

'. 13
: is

/a; 17

C.. O
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Hydrology
Associates

WELL

TESTED INTERVAL

DATE ft-/

PERSONNEL

HYDROLOGIC TEST DATA SHEET

GR. ELEVATION

M P. ELEVATION

STATIC WATER LEVEL DEPTH

STATIC WATER LEVEL ELEVATION

CLOCK TIME

LV'te,
1 « '. "3 1
| rf '. 3£
/«• 41
IS -.46.
Ifc'.SI
18,'Sfc
li:ei
/?:/&
\ct:3\
(\\>\(.

20:0}
2.6-JI
2J:ol
21-31
2.2 '.̂ /

TIME AFTER
TEST STARTED

V DEPTH OF WATER

LEVEL DELOW M.P.

£.OJ>
.^,7fr
5.^4
S.<^0

S tf
G.lb
5»SH-
S"7?

5,7fo
5.74
5.72,
5 fc4)
6.fc-7
f.£fc
5".£»fo

DfiAWDOWW OF

WATER LEVEL

*

COMMENTS
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TABLE 3: Water Level Measurement Form

APPMUJ l jy»ROfOG v ASSOCIA1F.S
M U L T I P L E WATfcR LtVtf. CIFLD MPASUUEMLN T I'ORM

PROJECT. DATE,

t.ELL VO
CAST READING

DEPTH (FT)

r us<-((5 4. /?,
MEASURING POIWT (HP)

DESCRIPTION . HEIGHT (FT)
IMSTRUKENT READIVG (R)

" AT M? (FT)
INSTRUMENT CORRECTION

FACTOP. (CF) (FT)

STATIC
I'ATER LEVEL

r
'

t̂ T

11.

143
Efi.T-'il

-7.03

£
<
ire. l«ok»

11.85
»07
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TABLE 3: Water Level Measurement Form

A P P M I I J HYDUOr.OCY ASSOCIATES
HULfl l 'Lh WAl'LR LtVt (, L % IFLO MnASUKE^tN. 1 fORM

PROJECT DATE

I'.S

2215

22./I

2C&

HELL h'O.

&&T-Z3

ee-T-z°i
Etf--3D

J _

CAST R E A D I N G
DEPTH (FT)

-

MEASURING
DESCRIPTION

.<

POINT (HP)
HEIGHT (FT)

INSTPUMSNT R E A D i r G (R)
AT M? (FT)

7. of
//.25"
l4.<f--3

I N S T R U M E N T CORRECTION
FPCTO3 (C?) (FT)

*

_~

•*
\

1 t

STATIC
PATER LEVEL
f (R±CF)±MP)
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FRENCH LIMITED SITE
AQUIFER TESTING PROGRAM

DATE OF TESTS' August 8 and 9, 1988

PUMPED WELL: ERT-20

TOTAL DEPTH- 50 FEET

SCREENED INTERVAL- 20 FT TO 50 FT CASING DIAMETER- 4 INCHES

OBSERVATION WELLS GW-08

CONTROL WELLS ERT-21, REI-6-2, ERT-7 and ERT-7A

BACKGROUND AND DESCRIPTION OF TEST

The test of ERT-20 was included to provide information about aquifer
characteristics in the vicinity of possible groundwater recovery wells south
of the French Limited lagoon There was no preliminary pumping testing data
upon which to base a pumping rate for the test We decided to attempt to
pump the well at 10 gpm because at this rate there was a possibility that a
response would occur tin observation well GW-08 during an 8 hour test An
observation well response would be needed to determine a storage coefficient
at this location and we felt that pumping at a lower rate would not likely
produce a response in the closest well

The test was started and a flow measurement of 10 gpm was obtained using the
bucket and stop watch The water level was drawn down to the pump after
about 25 minutes and the test was terminated after 25 5 minutes of pumping.
Only one measurements had been taken with a bucket and stop watch The flow
was observed to have declined to a trickle after 25 minutes Recovery
measurements were taken on the pumped well for about 3 75 hours following
termination of pumping

The test was re-run on August 9 During this test the water was pumped
through a hose directly into the French Limited Lagoon some distance away
Flow measurements were taken using the bucket and stop watch by personnel
monitoring the control wells and were recorded on the control well monitoring
forms. The valve was set to maintain a constant rate and the flow rate
remained constant at about 2 04 gpm for the first 75 minutes of the test
However, the flow increased to about 2 5 gpm after 85 minutes of pumping. It
was assumed that the pumping rate changed after 78 minutes into the test
although the change may have been mor gradual than abrupt The flow
measurement after 115 minutes of pumping showed a rate of 2 67 gpm. Even
though the generator was changed 99 minutes into the test this was not thought
to have contributed to the rise in the pumping rate because most of the rate
increase occurred prior to changing generators At approximately 136 5
minutes into the test, the pump cut out and water level recovery measurements
were taken on the pumped well during the first two hours following termination
of pumping
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The pump was pulled following completion of the recovery measurements A
short in the cable had caused the pump to cut out The cable was replaced.
However, it was decided not to repeat the test because the pumping rate which
could be sustained during the 8 hour test was most unlikely to have produced a
response in the closest observation well GW-08, located about 157 feet from
the pumped well There would be little value to repeating a single well test
of longer duration at the site and the effort could be spent more productively
at another location Following discussions with Kathleen O'Reiley on site on
August 11, it was agreed that a pump test of well ERT-22 would be more useful
than conducting a longer term test on well ERT-20

Water produced from the test was pumped into 55-gallon drums during the first
test. The contents of the 55-gallon drums were emptied into the French
Limited lagoon following completion of the first test During the second
test, a hose

Observation and control wells were monitored for water levels about every one
half hour during pumping but were not monitored during recovery Field
measurements are attached

INTERPRETATION

The control wells ERT-7, ERT-7a, ERT-21 and GW-8 showed no obvious response
due to pumping well ERT-20 The water levels in all four wells declined from
0 to 0 04 feet during the test These changes were obviously small and
thought to follow a diurnal pattern similar to that observed for the control
wells during the ERT-10 well test

Drawdown values determined from water level measurements in the production
well ERT-20 were adjusted using Jacob's correction for water table conditions
Jacob's correction is

idj - s - (s2/2*m)

where s is drawdown,
sfl(jj is adjusted drawdown, and
m is the aquifer thickness from static measurements

Drawdown and adjusted drawdown values are included in the attached spread
sheet Following the procedures of Birsoy and Summers (1980), an adjusted
time was calculated for the drawdown data and a dimensionless time was
calculated for the recovery data.

The ratio of adjusted drawdown to the associated pumping rate for the
production well ERT-20 were plotted against the log of adjusted time on the
attached semi-log plot in Figure A-4 The ratio of the adjusted residual
drawdown (recovery) to the final pumping rate were also plotted against the
log of dimensionless time on the same semi-log plots Well bore effects had a
significant influence on a large portion of the response data The
transmissivity calculated from the valid portion of the recovery data from the
semilog plots was 695 gpd/ft. The transmissivity calculated from the valid
portion of the initial drawdown data was 343 gpd/ft. The estimate from the
recovery data is considered to be the more reliable estimate Delayed yield
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effects were not observed but could have been masked by the variable pumping
rate.

A storage coefficient could not be determined from the single well response
data
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STEP DRAWDOWN TEST - WELL ERT-20

Saturated Thickness 44.24 feet

static water level 5.76 feet

rain ft ft

0.00
0.50

,00
,00
,00
,00
,00
,00
,00

1,
2,
3,
4,
5,
6.
7,
8.00
9.00

10.00
12.00
14.00
16.00
18.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00
55.00
60.00
70.00
80.00
90.00

100.00
111.00
120.00
150.00
180.00
197.00
197.50
198.00
198.33
198.50
198.67
199.00
199.17
199.50
199.83
200.17
200.33

5.76
7.16
7.80
8.56
9.07
9.42
9.73
9.96

10.13
10.28
10.39
10.48
10.67
10.80
10.76
10.81
10.81
11.00
11.22
11.40
11.51
11.61
11.67
11.75
11.85
11.91
12.61
12.85
12.95
13.40
13.53
13.77
13.96
12.70
12.45
12.00
11.55
11.40
11.25
10.95
10.79
10.50
10.12

9.80
9.65

0.00
1.40
2.04
2.80
3.31
3.66
3.97
4.20
4.37
4.52
4.63
4.72
4.91
5,
5.
5.

04
00
05

5.05
5.24
5.46
5.64
5.75
5.85
5.91
5.99
6.09
6.15
6.85
7.09
7.19
7.64
7.77
8.01
8.20
6.94
6.69
6.24
5.79
5.64
5.49
5.19
5.03
4.74
4.36
4.04
3.89

JSTED t-tn adjusted
rDOWN time
it

0.00
1.38
1.99
2.71
3.19
3.51
3.79
4.00
4.15
4.29
4.39
4.47
4.64
4.75
4.72
4.76
4.76
4.93
5.12
5.28
5.38
5.46
5.52
5.58
5.67
5.72
6.32
6.52
6.61
6.98
7.09
7.28
7.44
6.40
6.18
5.80
5.41
5.28
5.15
4.89
4.74
4.49
4.15
3.86
3.72

2.00
12.00
22.00
33.00
42.00
25.00
55.00
0.50
1.00
1.50
1.83
2.00
2.17
2.50
2.67
3.00
3.33
3.67
3.83

0.00
0.50
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
12.00
14.00
16.00
18.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00
55.00
60.00
70.00
40.58
62.12
75.68
88.80
98.92
117.93
151.35
338.80
169.93
113.64
93.18
85.49
78.98
68.60
64.37
57.34
51.72
47.10
45.11

s/Q RECOVERY t/t1

TIME-t '

0.00
0.68
0.98
1.33
1.56
1.72
1.86
1.96
2.04
2.10
2.15
2.19
2.27
2.33
2.31
2.33
2.33
2.42
2.51
2.59
2.64
2.68
2.70
2.74
2.78
2.81
2.53
2.61
2.64
2.79
2.84
2.73
2.79
2.40
2.32 .
2.17
2.03
1.98
1.93
1.83
1.78
1.68
1.55
1.44
1.39

min

0.25 788.00
0.75 263.33
1.25 158.40
1.58 125.29
1.75 113.43
1.92 103.63
2.25 88.44
2.42 82.40
2.75 72.55
3.08 64.82
3.42 58.58
3.58 55.91



TIME-t DEPTH DRAWDOWN ADJUSTED
D

ft

200.50
200.67
200.83
201.00
201.50
202.20
202.40
202.63
202.92
203.20
203.53
203.88
204.30
204.75
205.30
205.87
206.53
207.42
208.45
209.00
211.00
213.00
216.00
218.00
220.00
222.00
224.00
226.00
228.00
230.00
235.00
240.00
245.00
250.00
255.00
260.00
265.00
270.00
280.00
290.00
302.00

9.51
9.36
9.27
9.14
8.82
8.50
8.40
8.30
8.20
8.10
8.00
7,
7,
7,
7,
7,
7,
7,
7,
7.
7,

,90
,80
,70
,60
,50
,40
,30
,20
,10
,00

6.90
6.82
6.77
6.73
6.68
6.64
6.61
6.57
6.55
6.47
6.42
6.37
6.36
6.31
6.29
6.27
6.24
6.21
6.17
6.14

3.75
3.60
3.51
3.38
3.06
2.74
2.64
2.54
44
34
24
14
04
94
84

1.74
1,
1.
1.
1.
1.

64
54
44
34
24

1.14
1.
1.
,06
,01

0.97
0.92
0.88
0.85
0.81
0.79
0.71
0.66
0.61
0.60
0.55
0.53
0.51
0.48
0.45
0.41
0.38

STED t-tn adjusted
DOWN time
b
3.59
3.45
3.37
3.25
2.95
2.66
2.56
2.47
2.37
2.28,
2.18
2.09
1.99
1.90
1.80
1.71
1.61
1.51
1.42
1.32
1.22
1.13
1.05
1.00
0.96
0.91
0.87
0.84
0.80
0.78
0.70
0.66
0.61
0.60
0.55
0.53
0.51
0.48
0.45
0.41
0.38

4.00
4.17
4.33
4.50
5.00
5.70
5.90
6.13
6.42
6.70
7.03
7.38
7.80
8.25
8.80
9.37

10.03
10.92
11.95
12.50
14.50
16.50
19.50
21.50
23.50
25.50
27.50
29.50
31.50
33.50
38.50
43.50
48.50
53.50
58.50
63.50
68.50
73.50
83.50
93.50

105.50

43.27
41.58
40.02
38.58
34.83
30.68
29.67
28.59
27.37
26.25
25.06
23.92
22.70
21.52
20.24
19.08
17.88
16.52
15.18
14.56
12.69
11.28

9.70
8.90
8.23
7.67
7.18
6.77
6.40
6.08
5.43
4.92
4.52
4.19
3.92
3.69
3.50
3.33
3.05
2.83
2.63

S/Q RECOVERY
TIME-t '

"1.34
1.29
1.26
1.22
1.11
0.99
0.96
0.92
0.89
0.85
0.82
0.78
0.75
0.71
0.67
0.64
0.60
0.57
0.53
0.49
0.46
0.42
0.39
0.37
0.36
0.34
0.33
0.32
0.30
0.29
0.26
0.25
0.23
0.22
0.20
0.20
0.19
0.18
0.17
0.15
0.14

min
3.75
3.92
4.08
4.25
4.75
5.45
5.65
5.88
6.17
6.45
6.78
7.13
7.55
8.00
8.55
9.12
9.78

10.67
11.70
12.25
14.25
16.25
19.25
21.25
23.25
25.25
27.25
29.25
31.25
33.25
38.25
43.25
48.25
53.25
58.25
63.25
68.25
73.25
83.25
93.25

105.25

t/t'

53.47
51.23
49.19
47.29
42.42
37.10
35.82
34.44
32.90
31.50
30.01
28.58
27.06
25.59
24.01
22.58
21.11
19.44
17.82
17.06
14.81
13.11
11.22
10.26
9.46
8.79
8.22
7.73
7.30
6.92
6.14
5.55
5.08
4.69
4.38
4.11
3.88
3.69
3.36
3.11
2.87
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TABLE 3: Water Level Measurement: Form

APPMhU llYDKOf.OGY ASSOCIATES
MUC.TIPLF WAlhR LE.VH, TIFLD MF.ASUUc.MtNi* FORM

PROJECT DATE.

13

Jt

t\
4^

^̂
54-

^
^
/ I1
12.

is
•It
3S

I. ELL h'O.

RF; 6-2
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yCc«)
F'loiJ
Qiiog
b-\
7A
7

?l

LAST R E A D I N G
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FACTOP (CF) (FT)

-

•• 4

' "~ -̂<^
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l.'ATER LEVEL
f (R±CF)iMP)
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TABLE 3: Water Level Measurement Form

PROJECT

APPMKD HYDROLOGY ASSOCIATES
HULTIPLh WATfcR LtVtt, TIFLD MrASUUe.tth.Ni' FORM

DAT 5.
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DEPTH (FT)
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FACTO» (CF) (FT)

STATIC
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K

T/A
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TABLE 3: Water Level Measurement Form

APPLIh.0 HYDROLOGY ASSOCIATES
MULTIPLE WATfcR LtVtL PI FLO Mr.ASUKEttt.NT TORM
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FRENCH LIMITED SITE
AQUIFER TESTING PROGRAM

DATE OF TEST: August 10, 1988

PUMPED WELL- ERT-21

TOTAL DEPTH- 50 FEET

SCREENED INTERVAL 20 FT TO 50 FT CASING DIAMETER 4 IN

OBSERVATION WELLS GW-03

CONTROL WELLS ERT-20, REI-6-1, REI-3-3 and REI-3-2

BACKGROUND AND DESCRIPTION OF TEST

The test of ERT-21 was included to provide information about aquifer
characteristics in the vicinity of possible groundwater recovery wells south
of the French Limited lagoon There was no preliminary pumping testing data
upon which to base a pumping rate for the test The original work plan
recommended a pumping rate of 4 gpm although we could not sustain a 4 gpm rate
at well ERT-20 or at the wells near the REI-10 well cluster The well did
appear to be in the more productive portion of the alluvial aquifer similar to
wells ERT-7 and ERT-8 Therefore it was decided to attempt to pump the well
at a rate of approximately 4 gpm

The test was started and the rotometer set at 4 1 gpm Since the water was
pumped through a hose to the French Limited Lagoon some distance away, the
flow measurements using the bucket and stop watch were taken by personnel
monitoring the control wells and were recorded on the control well monitoring
forms. Measurements with a bucket and stop watch indicated a relatively
constant pumping rate of 3 83 gpm The pumping test was terminated after 8
hours Recovery measurements were taken periodically for 4 hours after the
test A recovery measurement was also taken 12 hours after termination of the
test. Control wells were monitored for water levels about every one half hour
during pumping but were not monitored during recovery Field measurements are
attached.

As indicated previously, the water produced from the test was pumped through a
hose and directly into the French Limited lagoon

INTERPRETATION

The control wells ERT-20, REI 3-2, REI 3-3 and REI 6-1 showed different
diurnal patterns as shown in Figure 1 The diurnal fluctuation in well REI 6-
2 was greatest at 0 08 feet No precipitation was recorded during the test
Wells REI 3-2 and REI 3-3 showed a slight drop in water levels during the day
This decline is unlikely to have been related to pumping because observation
well GW-3 which much closer to the pumped well declined by only 0 03 feet
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during the test The water levels in control wells ERT-20 and REI 6-1 showed
a diurnal pattern similar to that observed in the control wells during the
ERT-10 test The highest water levels appeared between 14 00 and 16 00 and
the lowest levels appeared between 11 00 and 12 00.

Based on the pattern of fluctuations seen in the control wells , we see no
basis to adjust the measurements in wells ERT-21 and GW-3 for the observed
diurnal fluctuations because of the small magnitude of the fluctuations in the
control wells and the lack of consistency in the pattern of fluctuations
between the control wells

Drawdown values determined from water level measurements in well ERT-21 were
adjusted using Jacob's correction for water table conditions Jacob's
correction is

adj * s -

where s is drawdown,
is adjusted drawdown, and
the aquifer thickness from static measurements

sadj
m is

Drawdown and adjusted drawdown values are included in the attached spread
sheet

Adjusted drawdown values from the pumped well ERT-21 were plotted against the
log of time on the attached Jacob semi-log plot in Figure A-5 A rise in the
water level observed at 120 minutes into the test could not be explained by a
change in pumping rate Measurements of pumping rate taken before and after
the rise in water level were consistent It is possible that the rise was
simply a flattening of the drawdown response due to delayed yield effects that
are often typical of water table pump test response (see Neuman, 1975)

Well bore storage effects were determined to have influenced the drawdown
response during the first 25 minutes of the test The transmissivity value
determined from the response from 25 minutes to 90 minutes (just before the
rise in water levels) was 184 gpd/ft For the drawdown response after the
rise at 210 minutes, the calculated transmissivity was 277 gpd/ft

The water level recovery data from well ERT-21 were analyzed on semi-log plots
of residual drawdown values adjusted using Jacob's correction versus the log
of t/t', where t is time since pumping started and t' is time since pumping
stopped. The residual drawdown plot in Figure A-6 did not exhibit the
fluctuations apparent in the drawdown analyses Well bore storage effects
were determined to have influenced the recovery plot for values of t/t'
greater than 20 A straight line fit to the portion of the residual drawdown
curve for values of t/t' less than 20 produced a transmissivity estimate of
595 gpd/ft It was concluded that the recovery measurements provided the most
reliable data for assessing the transmissivity in the vicinity of the ERT-21
well.

The drawdown response in well GW-03 due to the constant pumping during the 8
hour test at well ERT-21 was matched to a The is curve as shown in Figure
The match was not good because of the variability in the drawdown data and the
transmissivity calculated from the match was unreasonably large Furthermore,
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the total magnitude of the response was actually less than the natural
variability observed in control wells It appears that if there was an
actual response in well GW-03 due to pumping well ERT-21 for 8 hours, the
magnitude of the response was insufficient to provide an accurate estimate of
drawdown response that could be used for a quantitative analysis
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HOUR min

PUMPED WELL: ERT-21

CONTROL WELL WATER LEVEL FLUCTUATIONS

MEAN-DEV MEAN-DEV MEAN-DEV MEAN-D
REI3-3 REI3-2 REI6-1 ERT-20

REI3-3 5.402 REI3-2 4.924 REI6-1 6.108 ERT-20 6.118

11
11
12
13
13
14
14
15
16
17
18
12
12
13
13
14
14
15
16
17
18
15
16
17
18
11
12
13
13
14
14
15
15
16
18
19
10
12
13
13
14
14
15

0 5.38 0.022
59 5.38 0.022
29 5.38 0.022
15 5.38 0.022
45 5.41 -0.00
16 5.41 -0.00
49 5.42 -0.01
15 5.41 -0.00
16 5.41 -0.00
15 5.42 -0.01
15 5.43 -0.02
0 4.92 0.004
30 4.92 0.004
15 4.92 0.004
50 4.92 0.004
15 4.92 0.004
48 4.92 0.004
16 4.92 0.004
15 4.92 0.004
16 4.93 -0.00
16 4.95 -0.02
33
1
0
0

23
31
1
31
0
32
0
29
0
0
0
50
30
0
30
4
30
4

6.08 0.028
6.08 0.028
6.1 0.008
6.13 -0.02
6.16 -0.05
6.12 -0.01
6.12 -0.01
6.11 -0.00
6.1 0.008
6.1 0.008
6.09 0.018

6.09 0.028
6.09 0.028
6.12 -0.00
6.12 -0.00
6.15 -0.03
6.15 -0.03
6.15 -0.03
6.13 -0.01
6.11 0.008
6.1 0.018
6.09 0.028
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STEP DRAWDOWN TEST - WELL ERT-21

Saturated Thickness 45.12 feet

static water level 4.88 feet

TIME-t DEPTH DRAWDOWN ADJUSTED RECOVERY t/t'
DRAWDOWN TIME-t1

win ft ft ft min

0
0.5
1
2
3
4
5
6
7
8
9
10
12
14
16
18
20

25.5
30
35
40
45
50
60
70
80
90
120
150
180
210
240
300
360
420
480

480.5
481
482
483
484
485
486
487
488

4.88
6.8
7.74
9.15
10.02
10.64
11.12
11.51
11.83
12.1
12.4
12.7
13.15
13.5
13.9
14.21
14.5
15.2
15.79
16.2
16.57

17
17.45
18.02
18.44
18.86
19.33
18.31
18.15
18.56
18.82
19.08
19.5
19.8
20.57
20.97
19.58
18.67
16.52
14.46
13.17
11.87
11.03
10.09
9.26

0
1.92
2.86
4.27
5.14
5.76
6.24
6.63
6.95
7.22
7.52
7.82
8.27
8.62
9.02
9.33
9.62
10.32
10.91
11.32
11.69
12.12
12.57
13.14
13.56
13.98
14.45
13.43
13.27
13.68
13.94
14.2
14.62
14.92
15.69
16.09
14.7
13.79
11.64
9.58
8.29
6.99
6.15
5.21
4.38

0.00
1.88
2.77
4.07
4.85
5.39
5.81
6.14
6.41
6.64
6.89
7.14
7.51
7.80
8.12
8.37
8.59
9.14
9.59
9.90
10.18
10.49
10.82
11.23
11.52
11.81
12.14
11.43
11.32
11.61
11.79
11.97
12.25
12.45
12.96
13.22
12.31
11.68
10.14
8.56
7.53
6.45
5.73
4.91
4.17

0.50 961.00
1.00 481.00
2.00 241.00
3.00 161.00
4.00 121.00
5.00
6.00
7.00
8.00

97.00
81.00
69.57
61.00
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TIME-t DEPTH

ft

DRAWDOWN ADJUSTED RECOVERY
DRAWDOWN TIME-t1

ft ft min

t/t'

489
490
492
494
496
498
500
505
510
515
520
525
530
540
550
560
575
600
630
660
690
720
1200

8.67
8.23
7.64
7.28
7.02
6.86
6.72
6.45
6.25
6.12
5.99
5.91
5.8
5.71
5.57
5.48
5.38
5.28
5.21
5.14
5.11
5.07
4.94

3.79
3.35
2.76
2.4
2.14
1.98
1.84
1.57
1.37
1.24
1.11
1.03
0.92
0.83
0.69
0.6
0.5
0.4
0.33
0.26
0.23
0.19
0.06

3.63
3.23
2.68
2.34
2.09
1.94
1.80
1.54
1.35
1.22
1.10
1.02
0.91
0.82
0.68
0.60
0.50
0.40
0.33
0.26
0.23
0.19
0.06

9.00
10.00
12.00
14.00
16.00
18.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00
60.00
70.00
80.00
95.00
120.00
150.00
180.00
210.00
240.00
720.00

54.33
49.00
41.00
35.29
31.00
27.67
25.00
20.20
17.00
14.71
13.00
11.67
10.60
9.00
7.86
7.00
6.05
5.00
4.20
3.67
3.29
3.00
1.67
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EĴ pP|*g Hydrology
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HYDROLOGIC TEST DATA SHEET K*\*

WELL ^ E^T-a
TESTED INTERVAL

DATE tf-//*/P8
*~ /

PERSONNEL'

P

i

* S
1
0

• j

^
J
V
iji
vc
7'
£

T
i'\
^
*

*

f

i .*

CLOCK TIME

o b\ro
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/ z / e
,iif
fi2<*
/1?<:1/
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WELL*

TESTED INTERVAL

HYDROUOG1C TEST DATA SHEET

GR. ELEVATION

M P. ELEVATION

V' DATE.i,

PERSONNEL

LOCK TIMC

Hon

7o -n

700]
Zoot.
2.001

2-012.
ZP/if

2o25

2035

26 tfo

JLfOO
2 \ \ o
2/2.0

TIME AFTER
TEST STARTED

aoo

20

tJ-Xl

soo

STATIC WATER LEVEL DEPTH l

STATIC WATER LEVEL ELEVATION

DEPTH ,OF WATER
LEVCL DELOW M.P.

I? .5 f t

M.'Wa
I? . \1

10. 01)

-7.6,4

•7. 02.

C.. 72.

b.'Z.S

6.W
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DR/lVPOW OF
WATER LEVEL
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WELL +

TESTED INTERVAL

DATE fl-

HYDROLOGIC TEST DATA SHEET

GR. ELEVATION

M P. ELEVATION

p"l*i\iJi/Jl

CLOCK TIME

S
i
7

10

2S

35

70

IB

aflo
L'-OI

I 2 I U
IAIS

560

800
Woo

/$
oo

TIME AFTER
TEST STARTED

STATIC WATER LEVEL DEPTH

STATIC WATER LEVEL ELEVATION.

DEPTH OF WATER
LEVEL OELOW M.P

A. 92.0

92-0

•V. .̂?

DKAVDOW OF
WATER LEVEL

COUUENTS

TO ^3
TOT

\
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TABLE 3: Water Level Measurement Form

APPMkO IIYUROLOGY ASSOCIATES
MULTIPLE HATfcR LtVtL riFLD MPASUUEHtNT fORM

PROJECT 1(5 £(gT"-aJ DATE.

IKE

•90

>;$7

«*\

Z.OO

LZJ

I3o

):i<
3/^

1K
ifo
^S

HELL NO.

RE 1-3-3
«EJ->9
feAT-^>
REI-^-J
^r<- ^JP •

^ 3-3

/2e/ ^-^_

^7 3-^3

^?7 3-Z

/?ey .5-3
>f^7 '̂5^

g£(3-3

tet 3-z,
(l& S-z.

LAST READING
DEPTH (FT)

5" .30

y ^

-S~?8

4.fJL

5.<5S
4 1^_

57 J£

40L

$*(

ffr

4,U

MEASURING
DESCRIPTION

•

«

-

POINT (HP)
HEIGHT (FT)

INSTRUMENT READING (R)
AT MP (FT)

INSTRUMENT CORRECTION
FACTOR (CF) (FT)

*

STATIC
WATER LEVEL
f (R±CF)iMP)
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TABLE 3: Water Level Measurement Form

APPMUJ HYDROLOGY ASSOCIATES
MULTIPLE WA1KR LEVtL PI FLO MEASUREMENT fORM

PROJECT. DATE.

I ItS l.'SLL
C.AST R E A D I N G

DEPTH (FT)
MEASURING POINT (HP)

DESCRIPTION . HSIGHT (FT)
INSTRUMENT R E A D U G (R)

AT K? (FT)
INSTRUMENT CORRECTION

FACTO" (CF) (FT)

STATIC
CATER LEVEL
f (R±CF)iMP)

A.

V. f x-

'7/6

3-1-
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TABLE 3: Uater Level Measurement Form

PROJECT

APPMI-» UYDUOf.OCY ASSOCIAIF.S,
MULTIPLR WAIfcR LEVH, I" I FLO HPASUHtMtNT fORM

OAT'S.

IKS UELL t'O
LAST READING

DEPTH (FT)
MEASURING POINT (MP)

DESCRIPTION . HSIGST (FT)
IMSTPUMEST READING (R)

AT MP (FT)
INSTRUMENT CORRECTION

FACTOR (CF) (FT)

STATIC
t'ATER LEVEL

~2 o

?*Kg/^
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TABLE 3: Water Level Measurement Form

HYDROLOGY ASSOCIMKS
MULTIPLE WAIfcR LLVtL FIFLD MTASUHEt-.tN r I'ORM

PROJECT DATE ,

J°

its t.SLL h'O.
^AST READING

DEPTH (FT)
MEASURING POll.T (M?)POll.T

DSSCRIPTIOM HSIGHT (FT)
INSTPUMENT READING (R)

AT HP (FT)
INSTRUMENT CORRECTION

FACTO* (CF) (FT)

STATIC
CATER LEVEL
f (PlCF)iMPl
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FRENCH LIMITED SITE
AQUIFER TESTING PROGRAM

DATE OF TEST- August 11, 1988

PUMPED WELL ERT-22

OBSERVATION WELLS: none

CONTROL WELLS: ERT-23, ERT-7A and ERT-7

BACKGROUND AND DESCRIPTION OF TEST'

The test of well ERT-22 was not in the original work plan for pump testing the
shallow alluvial aquifer zone. This well was included to help address
concerns by EPA and Jacobs Engineering about the nature and extent of a higher
transmissive zone south of the French Limited Lagoon and the ERT-7 and ERT-8
wells.

There was no preliminary pumping testing data upon which to base a pumping
rate for the test. The original work plan recommended a pumping rate of 4
gpm. Since the well did appear to be in the more productive portion of the
alluvial aquifer similar to wells ERT-21, ERT-7 and ERT-8, we decided to
attempt to pump the well at a rate of approximately 4 gpm.

Heavy rain occurred for about 3 hours prior to the start up of the test and
was responsible for delaying the start of testing A canopy cover was
purchased and placed over the pumping well and generator and the test was
started at about 16 40. Intermittent rain fell during the pumping period and
recovery period. Total storm event rainfall was estimated at 1.25 inches.

Since the water was pumped through a hose to the French Limited Lagoon some
distance away, the flow measurements using the bucket and stop watch were
taken by personnel monitoring the control wells and were recorded on the
control well monitoring forms. Measurements with a bucket and stop watch
indicated a relatively constant pumping rate of 4.35 gpm. This pumping rate
could not be sustained and was cut back to 2.4 gpm and held at this rate for
270 minutes. The variable pumping rate was not considered to pose problems
for interpretation since this was a single well test. Also, it was felt that
the variable rate test would help discriminate the drawdown due to formations
loss from that due to well inefficiency The pumping rate was increased to
2.88 gpm for the last 90 minutes of the pump test Total pumping time for the
test was 7 hours.

Recovery measurements were taken periodically for 8 hours after termination of
pumping. Control wells were monitored for water levels about every one half
hour during pumping and for 1 5 hours into the recovery period. A water level
measurement of the control wells was also taken after 8 hours of recovery.
Field measurements are attached



As indicated previously, the water produced from the test was pumped through a
hose and directly into the French Limited lagoon

Control wells were monitored for water levels about every one half hour but
not monitored during recovery Field measurements are attached.

As indicated previously, the water produced from the test was pumped through a
hose and directly into the French Limited lagoon.
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HOUR MIN

PUMPED WELL: ERT-22

CONTROL WELL WATER LEVEL FLUCTUATIONS

MEAN-DEV MEAN-DEV MEAN-DE
ERT-23 ERT-7A ERT-7

ERT-23 7.1533 ERT-7A 5.2702 ERT-7 4.7488

9
9
12
16
16
16
17
17
17
18
18
19
19
20
20
21
21
22
22
23
23
20
13
14
16
16
16
17
17
17
18
18
19
19
20
20
21
21
22
22
23
23
0
1
14
19
16

19
42
1
7
38
58
12
29
53
18
53
23
56
16
58
18
48
18
48
18
52
36
11
6
1
19
57
11
27
47
13
49
14
51
19
54
15
45
15
45
15
59
28
7
11
58
2

7.45
7.45
7.45
7.15
7.18
7.16
7.16
7.15
7.14
7.13
7.12
7.12
7.10
7.10
7.09
7.09
7.09
7.09
7.09
7.09
7.08
7.07
7.07
7.06

-0.30
-0.30
-0.30
0.00
-0.03
-0.01
-0.01
0.00,
0.01
0.02
0.03
0.03
0.05
0.05
0.06
0.06
0.06
0.06
0.06
0.06
0.07
0.08
0.08
0.09

5.35
5.35
5.32
5.32
5.32
5.32
5.31
5.29
5.28
5.26
5.25
5.25
5.25
5.25
5.25
5.25
5.25
5.25
5.24
5.23
5.18
5.19

-0.08
-0.08
-0.05
-0.05
-0.05
-0.04
-0.03
-0.01
-0.01
0.01
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.03
0.04
0.09
0.08

4.90 -0.15



MEAN-DEV MKAN-DEV MEAN-Ufc
ERT-23 ERT-7A ERT-7

HOUR MIN ERT-23 7.1533 ERT-7A 5.2702 ERT-7 4.7488

16 18 "~~~ 4.89 -0.14
16 58 4.84 -0.09
17 10 4.84 -0.09
17 26 4.83 -0.08
17 43 4.82 -0.07
18 14 4.80 -0.05
18 48 4.75 -0.00
19 15 4.77 -0.02
19 50 4.75 -0.00
20 18 4.73 0.02
20 53 4.73 0.02
21 14 4.71 0.04
21 44 4.73 0.02
22 14 4.73 0.02
22 44 4.73 0.02
23 14 4.72 0.03
23 56 4.71 0.04
0 30 4.70 0.05
1 6 4.68 0.07
14 10 4.62 0.13
19 56 4.50 0.25
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STEP DRAWDOWN TEST - WELL ERT-22

Saturated Thickness

static water level

47.02 feet

2.98 feet

TIME-t DEPTH DRAWDOWN ADJUSTED t-Ti
DRAWDOWN

inin ft ft ft min

ADJUSTED S/Q RECOVERY t/t1

TIME TIME-t'
min ft/gpm min

0.00
0.50
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
12.00
14.00
16.00
18.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00
60.00
70.00
80.00
90.00
120.00
150.00
180.00
210.00
248.00
270.00
300.00
330.00
360.00
390.00
419.00
420.50
420.75
421.22
421.73
422.30
422.92
423.63

2.98
5.63
7.17
9.35
10.91
11.99
12.83
13.49
14.04
14.53
15.00
15.37
16.17
16.87
17.49
18.07
18.66
20.06
21.33
22.77
24.22
25.76
27.77
31.40
18.70
17.78
18.10
18.20
19.20
19.59
20.17
20.50
20.84
20.99
21.47
27.76
29.56
30.09
28.11
27.11
25.11
23.11
21.11
19.11
17.11

0.00
2.65
4.19
6.37
7.93
9.01
9.85
10.51
11.06
11.55
12.02
12.39
13.19
13.89
14.51
15.09
15.68
17.08
18.35
19.79
21.24
22.78
24.79
28
15
14
15
15
16
16
17
17
17
18
18
24
26
27
25
24
22
20
18
16
14

.42

.72

.80

.12

.22

.22

.61

.19

.52

.86

.01

.49

.78

.58

.11

.13

.13

.13

.13

.13

.13

.13

0.00
2.58
4.00
5.94
7.26
8.15
8.82
9.34
9.76
10.13
10.48
10.76
11.34
11.84
12.27
12.67
13.06
13.98
14.77
15.62
16.44
17.26
18.25
19.83
13.09
12.47
12.69
12.76
13.42
13.67
14.05
14.26
14.47
14.56
14.86
18.25
19.07
19.29
18.41
17.94
16.92
15.82
14.63
13.36
12.01

10.00
20.00
30.00
60.00
90.00
120.00
150.00
188.00
210.00
240.00
270.00
30.00
60.00
89.00
0.50
0.75
1.22
1.73
2.30
2.92
3.63

0.
0.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
12.
14.
16.
18.
20.
25.
30.
35.
40.
45.
50.
60.
340.
246.
219.
210.
227.
250.
276.
310.
331.
359.
388.
269.
319.
359.
722.
482.
297.
209.
158.
124.
100.

00
50
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
20
75
74
75
17
23
02
59
16
63
44
19
67
35
57
14
62
39
08
92
55

0.00
0.59
0.92
1.37
1.67
1.87
2.03
2.15
2.24
2.33
2.41
2.47
2.61
2.72
2.82
2.91
3.00
3.21
3.40
3.59
3.78
3.97
4.20
4.56
5.46
5.20
5.29
5.32
5.59
5.70
5.85
5.94
6.03
6.07
6.19
6.34
6.62
6.70
6.39
6.23
5.88
5.49
5.08
4.64
4.17

0.
0.
1.
1.
2.
2.
3.

50
75
22
73
30
92
63

841.00
561.00
346.11
243.35
183.61
144.98
116.61



TIME-t DEPTH DRAWDOWN ADJUSTED t-Tl
' DRAWDOWN
ft ft ft min

ADJUSTED S/Q RECOVfcKX
TIME TIME-t'
min ft/gpm min

424.45
425.40
426.55
428.08
429.90
431.28
432.38
433.90
439.57
447.93
457.99
472.93
482.22
498.25
522.55
556.20
770.00
908.00

15.11
13.11
11.11
9.11
7.11
6.11
5.61
5.11
4.11
3.61
3.38
3.19
3.13
3.03
3.04
2.86
2.65
2.61

12.13
10.13
8.13
6.13
4.13
3.13
2.63
2.13
1.13
0.63
0.40
0.21
0.15
0.05
0.06
-0.12
-0.33
-0.37

10.56
9.04
7.43
5.73
3.95
3.03
2.56
2.08
1.12
0.63
0.40
0.21
0.14
0.05
0.06
-0.12
-0.34
-0.37

4.
5.
6.
8.
9.
11.
12.
13.
19.
27.
37.
52.
62.
78.
102.
136.
350.
488.

45
40
55
08
90
28
38
90
57
93
99
93
22
25
55
20
00
00

82.
68.
56.
45.
37.
33.
30.
27.
19.
14.
10.
8.
7.
5.
4.
3.
2.
1.

32
06
33
89
70
23
39
21
68
15
72
02
00
80
69
80
12
81

3.
3.
2.
1.
1.
1.
0.
0.
0.
0.
0.
0.
0.
0.
0.
-0.
-0.
-0.

67
14
58
99
37
05
89
72
39
22
14
07
05
02
02
04
12
13

4.45
5.40
6.55
8.08
9.90
11.28
12.38
13.90
19.57
27.93
37.99
52.93
62.22
78.25
102.55
136.20
350.00
488.00

95.38
78.78
65.12
52.96
43.42
38.22
34.92
31.22
22.46
16.04
12.05
8.93
7.75
6.37
5.10
4.08
2.20
1.86
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ADJUSTED TIME (MIN)

Recovery Analysis

T - 264 gpd/ft
( S/Q)

T • 264 • 714 gpd/ft
37

Dravdovn Analysis

T • 264 gpd/ft
( S/Q)

I - 264 • 100 gpd/ft
2 65

FRENCH LIMITED PROJECT
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FIGURE A-7
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Applied

Associates

WELL

TESTED INTERVAL

DATE E/fl/ft?

PERSONNEL

HYDROLOGIC TEST DATA SHEET

GR. ELEVATION

M P. ELEVATION

CLOCK TIME

! 19

1C

/ C'-lo 1C
1 f H \
\ (• -1 ?_

loMR

noo

nv'S

n '-it?
\~IMO
\T*i O

\O

•7-0 V O^wa

TIME AFTER

TEST STARTED

STATIC WATER LEVEL DEPTH

STATIC WATER LEVEL ELEVATION

DEPTH OF WATER

LEVEL BELOW M.P.

2.11
1 '/-}

7.

\ \
.1 _*J

fS » on

\-7 . 4-7

30 . oM
^^^"^^^^^^^•"^
A*

\ R .
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OR A WOO VH OF

WATER LEVEL

pU V. p> ISriVn

COMMENTS
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,'0

f



0235185
i Applied

Hydrology
Associates

WELL*

TESTED INTERVAL

DATE V'

HYDROLOGIC TEST DATA SHEET

GR. ELEVATION

M P. ELEVATION

PERSONNEL

STATIC WATER LEVEL DEPTH

STATIC WATER LEVEL ELEVATION.

U£LU

LOCK TIME TIME AFTER

TEST STARTED

/ / O

0'

-7 2

P •*'•*! 9

•y •?

9 '/') r
7 ? 5" 1 /v

/SOT;//

9' r*i

•3s>n
•333&3-T)

32ZL

457. *

DEPTH OF WATER

LEVEL BELOW M.P.

0.7G

2.0.1 *»

2.' / V51

0
O

i A

)<] . n
/I.
r, o.
u ,/>

JZ^a.

35. r

DR/lVPOl/W OF

WATER LEVEL

': Jori - t c«{»l
,9?,

1 1

COUUENTS
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TABLE 3: Water Level Measurement Form

APPM1.0 HYDROLOGY ASSOCIATES
MULTIPLE WATER LEVIrL L'IFLD MEASUUEHtN P TORM

PROJECT. DATE.

'.2 I.'ELL
LAST READING

DEPTH (FT)
MEASURING POINT (HP)

DESCRIPTION HEIGHT (FT)
INSTRUMENT READING (R)

AT M? (FT)
INSTRUMENT CORRECTION

FACTOR (CF) (FT)

STATIC
l.'ATER LEVEL
f (R±CF)iMP)

a
a
07 -7.15- tfft
'Of

f.fo
&AT-7

f /-,
/eer 4.64

1AL



TABLE 3: Water Level Measurement Form

re
Cu
ro

PROJECT

A P P M I I J HYDROLOGY ASSOCIAIfcS
MULTIl 'LR l.'AThR LEVH, CIFLD HKASUIt tMtMr TORM

PUT- DAT 5. 8/11

!S J.SLC. ro. DEPTH (FT)
MEASURING POINT (M?)

DESCRIPTION . HEIGHT (FT)
INSTRUMENT READISG (R)

AT M? (FT)
INSTRUMENT CORRECTION

FACTO? (CF) (FT)

STATIC
t'ATER LEVEL
f (R±CF)ih°l

10
fe • V t f V

7. 1C,

7,/T

<5(t*>l

L±L
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TABLE 3: Water Level Measurement Form

APPMKD HYDROLOGY ASSOCIAIES
MULTIPLE W A l f c R LE.VIL TIFLD M E A S U R E M E N T FORM

PROJECT DAT?.

IMS USLO h'O.
LAST READING
DEPTH (FT)

MEASURING POINT (MP)
DESCRIPTION . H2IGHT (FT)

INSTRUMENT READING (R)
AT MP (FT)

INSTRUMENT CORRECTION
FACTOR (CF) (FT)

STATIC
I'ATER LEVEL
f (R±CF)+MP)

LM M

±23
<&&*. 1 f

EPT-7A
10 £lT-"7

7 /3

y. 75-
5".
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TABLE 3: Water Level Ileasuremenc Form

APPMI.il IIYDKOtOCY ASSOCIATES
MULTIPLE WAl'fcil LLVH.. I*I FLO MPASUHLMLN i< 1'ORM

PROJECT. DAT5!.

\1ZLL. h'O
LAST READING

DEPTH (iT)
MEASURING POINT (HP)

DESCRIPTION HEIGHT (FT)
It lSTRUMENT READING (R)

AT M? (FT)
IHSTRUHSNT CORRECTION

FACTOR (CF) (FT)

STATIC
UATER LEVEL
f(RtCF)+HP)

H-77

XA.
22 7. /A

'V )̂ r
V. 75-

'5)

2
7.

^
4.13

V.IO



TABLE 3: Water Level Measurement Form

PROJECT.

APPMKD HYDROLOGY ASSOCIA1F.S
MULTIPLE WATfcR LfcVH, TIFLD M E A S U K E M t N r FORM

DATE,

WELL FO.
LAST READING

DEPTH (rT)
MEASURING POINT (HP)

DESCRIPTION . HEIGHT (FT)
INSTRUMENT READING (R)

AT MP (FT)
INSTRUMENT CORRECTION

FACTO" (CF) (FT)

STATIC
WATER LEVEL
f ( R ± C P ) + M P l

f-,73
5.2*5

2,3
4.11 £ptL

15

/•/a
ear 2.3 -2.1 S3

.2 if 7 27. «o
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TABLE 3: Water Level Measurement Form

APPLII.D IIYDROr OGY ASSOCIA1F.S
MULTIPLE WATER LtVbL CIFLD MCASUUEMbNT FORM

PROJECT DATE.

MS 1.2LL fO.
LAST READING
DEPTH (ET)

MEASURING POINT (HP)
DESCRIPTION HEIGHT (FT)

INSTRUMENT READIN'G (R)
AT M? (FT)

INSTRUMENT CORRECTION
FACTOR (CF) (FT)

STATIC
WATER LEVEL

4,73

2.3
>!*/ 2.3 1

3/5

V-77

V*

-7,07

H.6X
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TABLE 3: Water Level Measurement Form

A P P M I D IIYDROrOGY ASSOCIATES
MULTIPLE WATER LLVl t. F IFLD MFASUKEML.MT TORM

PROJECT DATE

fa
: \ \
£'./t

SI

. ;&
' 56

= 3

,'f

tJECL HO.

gjAT-03

^/er "7

57e? v/»
&$723

£ <y 7

</f7 -?/?

•rvy ^^

LAST READING
DEPTH (FT)

MEASURING
DESCRIPTION

«

POINT (MP)
HEIGHT (FT)

INSTRUMENT READING (R)
AT M? (FT)

-707
V.£Z

5". A7
-7, 06
/£b
s-/f
7.o»/

\

INSTRUMENT CORRECTION
FACTOR (CF) (FT)

f

STATIC
1'ATER LEVEL
f (R±CF)iMP)
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FRENCH LIMITED SITE
AQUIFER TESTING PROGRAM

DATE OF TEST August 12, 1988

PUMPED WELL- ERT-29

TOTAL DEPTH' 50 FEET

SCREENED INTERVAL- 20 FT TO 50 FT CASING DIAMETER 4 IN

OBSERVATION WELLS ERT-28 and ERT-30

CONTROL WELLS ERT-23

BACKGROUND AND DESCRIPTION OF TEST-

The test of ERT-28 was included to provide information about aquifer
characteristics between the French Limited lagoon and the Riverdale
Subdivision The preliminary pumping test program indicated that the well had
been pumped at 11 gpm for almost 20 minutes Based on these results, we
attempted to pump the well at 4 gpm on August 11 The water level was drawn
down to the pump after just 6 5 minutes and the test was terminated
Measurements had not yet been taken with a bucket and stop watch, so it is
possible that the actual pumping rate may have been greater than 4 gpm Also
in subsequent discussions with Norm Nielsen, it was discovered that during the
preliminary pump test which was conducted during well purging prior to
sampling, the well was pumped without a valve control and the 11 gpm rate was
based on one bucket and stop watch measurement Thus, the flow rate estimates
for the preliminary pump test may be in error

The test was re-run on August 12, with the flow rate set to and maintained at
about 0 75 gpm Subsequent measurements with a bucket and stop watch
indicated a pumping rate of 0 66 gpm At these low pumping rates, it was
concluded that observation wells ERT-28 and ERT-30 located over 150 feet from
the pumped well would not experience any drawdown due to pumping during an 8
hour test Nevertheless, these two wells and control well ERT-23 were
monitored for water levels about every one half hour

After 1 hour of pumping at 0 66 gpm the drawdown was less than 4 feet and had
appeared to level out We decided to increase the pumping rate to about 1 1
gpm since the variable rate test would help discriminate the drawdown due to
formations loss from that due to well inefficiency At 106 3 minutes into the
test, the pump stopped for two minutes and the generator was re-fueled Even
though the valves were not adjusted, the pumping rate after re-fueling dropped
to about 0 78 gpm The flow was maintained at this rate for about 102
minutes Then at 210 minutes into the test, the rate was stepped up to about
1 89 gpm After pumping at this rate for about 10 minutes, the rate started
to drop but was not adjusted immediately because the rotometer measured rates
only up to 1 gpm The pumping rate from averaged about 1 53 gpm for the next
30 minutes. The pump rate was increased to about 4.2 gpm for the last 10
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minutes and recovery measurements were taken for about 2 hours following the
test Water levels in the pumping well had recovered to within 0 11 feet of
the original static water level Field measurements are attached

Water produced from the test was pumped into 55-gallon drums during the test
The contents of the 55-gallon drums were emptied into the French Limited
lagoon following completion of the test

INTERPRETATION

The control wells ERT-30, ERT-28 and ERT-23 showed no obvious response due to
pumping well ERT-29 The water levels in all four wells rose near the latter
portion of the pumping period but started dropping shortly before the pump was
shut off The decline continued into the recovery period The total water
level fluctuation in the control wells was less than 0 05 feet, as shown in
Figure 1. These changes were small and appeared to follow a diurnal pattern
similar to that observed for the control wells during the ERT-10 well test

Drawdown values determined from water level measurements in the production
well ERT-29 were adjusted using Jacob's correction for water table conditions
Jacob's correction is

sadj ~ s ' (

where s is drawdown,
s j. is adjusted drawdown, and
m is the aquifer thickness from static measurements

Drawdown and adjusted drawdown values are included in the attached spread
sheet Following the procedures of Birsoy and Summers (1980), an adjusted
time was calculated for the drawdown data and a dimensionless time was
calculated for the recovery data

The ratio of adjusted drawdown to the associated pumping rate for the
production well ERT-29 were plotted against the log of adjusted time on the
attached semi-log plot in Figure A-8 The ratio of the adjusted residual
drawdown (recovery) to the final pumping rate were also plotted against the
log of dimensionless time on the same semi-log plot in Figure A-8 Well bore
effects had a significant influence on a large portion of the response data
The drawdown, response during the latter portion of the drawdown response was
too erratic to allow for an estimation of the transmissivity from the drawdown
data The reason for the eratic response is not entirely clear It appears
to be the result of fluctuations in the pumping rate, although the bucket and
stop watch measurements did not indicate a significant change in the pumping
rate.

A transmissivity was calculated from the valid portion of the recovery data
from the semilog plots Unfortunately there were only three data points in
the recovery plots that were determined to be outside the range of well bore
storage effects. The transmissivity determined from the semi-log recovery
analysis using the dimensionless time of Summers and Birsoy was 1886 gpd/ft
This estimate appears to have considerable error since it does not correspond
with the low specific capacity of the well The large error is probably
because it was derived from three data points near the final stages of
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recovery Measurement errors and water level response to influences other
than pumping would be relatively significant in the latter stages of recovery
where the residual drawdown is less than 0 1 feet A transmissivity of 1221
gpd/ft was also calculated from the valid portion of the recovery data using
the Theis recovery method in Figure A-9 This estimate may also have
consideravble error for the same reasons described previously

Delayed yield effects were not observed but could have been masked by the
variable pumping rate A storage coefficient could not be determined from the
single well response data

The transmissivity estimate from the recovery analyses seems to be high in
comparison with the results from the more productive wells such as ERT-22,
ERT-21 and ERT-7 If an accurate estimate of transmissivity is needed in the
region around the well ERT-29, then a new test should be performed. The pump
test should be run long enough to produce a response in wells ERT-28 and ERT-
30 or an observation well should be installed closer to the pumped well
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HOUR min

PUMPED WELL: ERT-29

CONTROL WELL WATER LEVEL FLUCTUATIONS

MEAN-DEV MEAN-DEV MEAN-DEV
ERT-30 ERT-30 ERT-30

ERT-30 14.42 ERT-28 13.82 ERT-23 7.039

8
9
11
11
12
12
12
13
13
14
15
15
16
17
17
18
8
9
11
11
12
12
13
13
13
14
15
15
16
17
17
18
9
11
11
12
12
13
13
14
14
15
15
16
16
17
18

55
59
9
30
9
29
59
30
55
37
7
53
30
2
41
3
59
55
5
34
5
31
2
27
58
34
0
46
27
0
37
6
6
2
39
1
35
5
25
1
30
3

43
24
57
34
10

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

.43

.44

.43

.43

.43

.43

.43

.43

.42

.41

.39

.39

.40

.43

.43

.43

-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
0.
0.
0.
0.
0.
-0.
-0.
-0.

01
02
01
01
01
01
01
01
00
01
03
03
02
01
01
01

13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13

.83

.82

.82

.82

.82

.82

.82

.82

.82

.84

.82

.82

.83

.85

.85

.86

-0.
0.
0.
0.
0.
0.
0.
0.
0.
-0.
0.
0.
-0.
-0.
-0.
-0.

00
01
01
01
01
01
01
01
01
01
01
01
00
02
02
03

7.05
7.05
7.06
7.06
7.05
7.05
7.05
7.04
7.04
7.03
7.02
7.02
7.03
7.02
7.03

-0.01
-0.01
-0.02
-0.02
-0.01
-0.01
-0.01
-0.00
-0.00
0.01
0.02
0.02
0.01
0.02
0.01



TIME-t DEPTH DRAWDOWN ADJUSTED t-Ti
DRAWDOWN

ft ft min

Adjusted s/Q
time
min

RECOVERY t/t'
TIME-t '

min

212.5 19.8 8.14
215 21.7 10.04
220 23.43 11.77
225 23.38 11.72
230 22.82 11.16
238 22.28 10.62
240 22.25 10.59
250 22.24 10.58
262 31.74 20.08

262.5 30 18.34
263.0 28 16.34
264.4 26 14.34
265.2 24 12.34
266.0 20 8.34
267.8 17 5.34
270.2 15 3.34
272.3 14 2.34
276.0 13 1.34
277.3 12.8 1.14
279.0 12.6 0.94
281.8 12.4 0.74
286.8 12.2 0.54
292.1 12.1 0.44
301.8 12 0.34
325 11.93 0.27
350 11.9 0.24
380 11.88 0.22

7.38 2.5
8.88 5
10.17 10
10.14 5
9.72 10
9.32 18
9.30 20
9.29 30
15.46 2
14.49 2.567
13.29 3.067
11.99 4.4
10.61 5.25
7.56 6.083
5.04 7.85
3.24 10.283
2.30 12.383
1.34 16.067
1.14 17.317
0.95 19.083
0.75 21.883
0.55 26.833
0.45 32.15
0.36 41.883
0.27 65
0.24 90
0.22 120

16.46
24.74
37.35
81.07
85.56
96.41
99.22

113.06
14.25
11.46

9.85
7.34
6.40
5.73
4.77
3.98
3.54
3.04
2.92
2.77
2.59
2.34
2.16
1.94
1.66
1.51
1.40

3.90
4.70
5.38
6.62
6.36
6.09
6.08
6.07
3.68
3.45
3.16
2.86
2.53
1.80
1.20
0.77
0.55
0.32
0.27
0.23
0.18
0.13
0.11
0.08
0.06
0.06
0.05

2.00
2.57
3.07
4.40
5.25
6.08
7.85

10.28
12.38
16.07
17.32
19.08
21.88
26.83
32.15
41.88
65.00
90.00

120.00

131.00
102.29

85.77
60.09
50.52
43.74
34.12
26.28
22.00
17.18
16.01
14.62
12.88
10.69

9.09
7.21
5.00
3.89
3.17
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STEP DRAWDOWN TEST - WELL ERT-29

'saturated Thickness 43.34 feet

static water level 11.66 feet

TIME-t DEPTH DRAWDOWN ADJUSTED t-Ti Adjusted s/Q RECOVERY t/tf

DRAWDOWN time TIME-t'
min ft ft ft min min min

0
0.5
1
2
3
4
5
6
7
8
9
10
12
14
16
18
20
25
30
35
40
45
50
55
60
70
80
90
100

108.3
109.3
110
115
120
125
130
135
140
150
160
170
180
190
200
210

11.66
12.37
12.58
12.84
13.3

13.66
13.95
14.21
14.4
14.65
14.81
14.91
15.26
15.28
15.27
15.32
15.39
15.63
15.87
15.65
15.72
15.64
15.63
15.73
15.62
18.05
18.36
18.75
19.23
16.72
16.9
17.08
17.05
16.72
16.58
16.65
16.63
16.77
16.7
16.65
16.63
16.7
16.65
16.64
16.63

0
0.71
0.92
1.18
1.64

2
2.29
2.55
2.74
2.99
3.15
3.25
3.6

3.62
3.61
3.66
3.73
3.97
4.21
3.99
4.06
3.98
3.97
4.07
3.96
6.39
6.7
7.09
7.57
5.06
5.24
5.42
5.39
5.06
4.92
4.99
4.97
5.11
5.04
4.99
4.97
5.04
4.99
4.98
4.97

0.00
0.70
0.91
1.16
1.61
1.95
2.23
2.47
2.65
2.89
3.04
3.13
3.45
3.47
3.46
3.51
3.57
3.79
4.01
3.81
3.87
3.80
3.79
3.88
3.78
5.92
6.18
6.51
6.91
4.76
4.92
5.08
5.05
4.76
4.64
4.70
4.69
4.81
4.75
4.70
4.69
4.75
4.70
4.69
4.69

i

10
20
30
40

2.017
1.017
1.7
6.7
11.7
16.7
21.7
26.7
31.7
41.7
51.7
61.7
71.7
81.7
91.7
101.7

0.00
0.50
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
12.00
14.00
16.00
18.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00
55.00
60.00
32.31
46.12
58.17
69.49
38.97
95.06
121.30
159.86
161.72
162.16
163.31
165.20
167.69
173.93
181.26
189.27
197.74
206.52
215.52
224.70

0.00
1.07
1.38
1.76
2.44
2.96
3.38
3.75
4.02
4.37
4.60
4.74
5.23
5.26
5.24
5.31
5.41
5.74
6.07
5.77
5.86
5.75
5.74
5.88
5.73
5.41
5.65
5.95
6.31
4.35
6.23
6.43
6.40
6.03
5.87
5.95
5.93
6.09
6.01
5.95
5.93
6.01
5.95
5.94
5.93
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APPENDIX B

PUMP TEST OF WELL REI-3-3



V PUMP TESTING OF WELL REI-3-3 (August 11)

The first test was performed on the upper part of the upper alluvial zone
aquifer at well REI 3-3. This well was tested previously in November, 1985
with results provided in the Draft RI Report. Questions were raised about
the method of interpretation and the number of monitoring wells required for
interpretation An additional observation well REI-3-5 was completed during
the 1986 field program and a new pump test was performed The initial plan
was to use the new well, REI-3-5 as the pumped well The well did not
produce enough to run a sustained pump test. Consequently, REI-3-3 was
selected as the pumped well

The REI-3-3 well was pumped at a fairly steady rate of 3 0 gpm for 750
minutes. A slightly higher pumping rate of 3 2 to 3 4 gpm was recorded
about 50 minutes into the test Water levels in the pumped well and two
observation wells, REI-3-5 and an un-numbered piezometer, were monitored
manually using conventional well sounders Measurement accuracy is about
+/• 0 02 feet. The water level response of the three wells during the
drawdown portion of the test is shown in Figures 6-1, 6-2 and 6-3

The water level drop noted in all wells after about 50 minutes probably
reflects the adjustment of pumping rate noted above. The flattening of the
water level response observed in all wells following this drop is believed
to be attributable both to the onset of delayed yield effects (Boulton,
1963) and recharge effects from an adjacent pond about 70 feet from the
pumping well. It is difficult to isolate the effects of these two
influences.

The most reliable part of the test for analysis of hydrogeologic
characteristics is the early time data prior to the noted increase in
pumping rate and also before the onset of recharge or delayed yield effects.
Analysis of the responses in the two observation wells were performed using
the type-curve match method described by Boulton (1963) developed for non-
steady state response to pumping in unconfined aquifers Actually, for
early time matches before the onset of delayed yield effects the Boulton
type curves are identical to the Theis (1935) type curve. The analysis
indicates a transmissivity for the uppermost part of the upper alluvial zone
of about 500 gpd/ft (0.72 cnr/sec). For a saturated thickness of about 19
feet, an average hydraulic conductivity of about 1.2x10 cm/sec is
indicated for this unit The storage coefficient calculated for the unit is
about 0.003 which is reasonable for unconfined aquifer units (Freeze and
Cherry, 1979).
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